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CO other to form a cycloalkyi group. 
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Description 
TECHNICAL FIELD 

[0001 ] This invention relates to novel 1 .2<lioxetane derivatives, and more particularly to 1 .2KJioxetane derivatives of 
value as chemiluminescent materials which can be used in immunological assay systents and other uses. 

BACKGROUND AFTT 

[0002] A variety of 1 ,2-dioxetane derivatives have so far been synthesized, and it is known that compounds having a 
spiroadamantyl group in the 3-position are particularly useful chemiluminescent materials (e.g. Japanese Kokai Publi- 
cation Hei-5-2191 8 and Japanese Kokai Publication Hei-5-45590). 

[00031 Furthermore, as compounds synthesized by the present inventors, the compounds disclosed in Japanese 
Kokai Publications Hei-8-245615. Hei-8-169885. and Hei-8-165287 are known. However, those 1 ,2-dioxetane deriva- 
tives do not have good thermal stability. The Japanese Kokai Publication Hei-9-216887 referred to above discloses a 
compound with innproved thermal stability. 

[00041 In regard of such 1 .2-dioxetane derivatives, much research has been undertaken as inferable from the above 
list of publications and new compounds have also been created. Therefore, it is necessary for applying to a dinical 
examination and other fiekte to have a substance with a good thermal stability, easiness of handling, and high in emis- 

[OWSr^'n^^^ those known compounds, e.g. compounds described in Japanese Kokai Publteation Hei-9-216887 
have the drawback that their chemiluminescent emission efficiencies are considerably sacrificed in the presence of pro- 
tic solvents. Therefore, when used in immunoassays in a clinical examination, for instance, those compounds failed to 
give a practically useful intensity of emission when the assay system includes a protic solvent. Tlierefore. it is necessary 
to have a substance capable of increasing the intensity of emission, the so-called enhancer, to coexist in the system. 
Therefore, a compound showing high emission efficiency without coexisting enhancer in the system even in a protic sol- 
vent Is more available. ^ 
[00061 Furthermore, in a clinical examination performed using an automatic instrument, for instance, compounds dit- 
fering in emission wavelength from the conventional chemiluminescent materials should be of great use. for the detec- 
tion and determination of a plurality of test items can be simultaneously performed. Moreover, if the difference in color 
be of the order which can be visually detected, such compounds shoukJ be of great convenience and are expected to 
find application in a variety of uses. 

SUMMARY OF THE INVENTION 

35 

[0007] In view of the above state of the art. the present invention has for its object to provide a compound which is 
easy to handle, thermally stable, and high in emission efficiency. 

[0008] Further, the present invention has for its object to provide a compound not only which is easy to handle, ther- 
mally stable and high in emission efficiency, but also which has a different wavelength from conventional l .2-dioxetane 
40 derivatives' (400 to 500 nm). emission of which can be identified with conventional derivatives' with equipments, and 
which can be identified with conventional derivatives visually. 

[0009] Furthermore, the present invention has for its object to provide a compound not only which is easy to handle, 
thermally stable, and high in emission efficiency, but also which can show high emission efficiency without coexisting 
enhancer In the system even in a protic solvent. 
45 [001 0] The present invention is related to a 1 .2-dioxetane derivative of general formula (I). 

„' V*' (D 
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[wherein R\ R^, R^. R^ and R^ each independently represents hydrogen, alkyi or aryl; a pair of and R^ and a pair 
of R"* and R^ may respectively be joined to each other to form a cycloalkyi group; Ar represents a group of formula (A) 
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(A) 



(w^^^^^^^^ "^^P-'^-^'V represents alKy-) or a phosphate group represents 

hySS^e^. aikyl ary. Mroxy.. alKoxy.. aryloxy or aralMoxy: V represents oxygen or sulfur), formula (B) 




(B) 



(wherein R« is the same as in formula (A): W represerrts nitrogen or C-R" (where R" represents hydrogen, alkyl. 
25 alkoxyl. aryl or aralkyloxy): X represents oxygen or sulfur), or formula (C) 




(Q 



(Wherein is the same as in formula (A); Y represents oxygen, sulfur or N-A^^: Z represents hydrogen, alkyl. aryl. 
OR^^, SR^"* or a group of the formula 



16 



45 



50 



55 



miX^ve'y be joineSto each other to form a ring, which ring may contain 2 or more hetero-atoms)!. 
DETAILED DESCRIPTION OF THE INVENTION 

rooi 1 1 As the term is used in this specification, "alkyl" includes but is not limited to straight-chain and bra"dT«J-chan 
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mentioned above includes but is not limited to the alkoxyl groups formed as 1 to 5 alkoxy groups each containing 1 to 
20 carbon atoms, such as methoxy. ethoxy. propoxy. butoxy. pentyloxy. hexyloxy. methoxyethoxy. '"ethOJ^propoxy. 
ethoxyethoxy. ethoxypropoxy. methoxyethoxyethoxy. etc.. are bound together in a lin^fashion or m a branched fash- 
ion -me aryl group mentioned above includes but is not limited to aromatic hydrocarbon groups each containing 6 to 
20 carbon aloms such as phenyl, naphthyl. etc. and heteroaryl groups each containing 1 to 5 nitrogen, oxygen or sulfur 
atoms as ring atoms, such as fril. thienyl. pyridyl. and so on. 

[001 3] As the term is used in this specificalion. "alkoxyl" includes the same alkoxyl groups as the above-mentoned 
alkoxyl groups with which said alkyl may be optionally substituted. . ^ , u, 

[00141 Further in this specification, "aryl" includes the same aryl groups as the above-mentoned aryl groups with 
which said alkyl may be optionally substituted. 

[001 5] As the term is used in this specification, "aralkyloxy" means an aralkyloxy group of 7 to 20 caibon atoms, such 
as benzyloxy, phenethyloxy, etc. 

(001 6] As the term is used in this specification "halogen" includes fluorine, chlorine and bromine, etc. 
[001 7] Referring to the above general formula (I). Ar is preferably a group of formula (a): 




(a) 



25 



[R^, R^. and V are as defined in the formula (A)], formula (b): 
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(b) 



[R^. W and X are as defined in the formula (B)], or formula (c): 



40 



45 




(c) 



50 fR®. Y and Z are as defined in the formula (C)]. « ^ . ^ w. ii^i 

[0018] Referring, further, to the above general formula (I). R\ R^ and R^ each is preferably alkyl. more preferably alkyl 
of 1 to 4 carbon atoms, and R^ and R^ each is preferably hydrogen. v , 

[0019] When Ar in general formula (I) represents a group of the above formula (C). preferably Y is oxygen and Z is a 

group of the following formula. 
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»ne.«n , p»r <« R" and is lolned to ea* olhe. to torn a 3- tf-oush 7^««1 *g. More praSraMy, Z la a nn, 
of the tbllowlng formula. 



75 




20 



roMOl When Ar in the general formula (I) represents a group of the above formula (C). preferably Y is N-R^^ Z is 
and a p^^^^^^ ' is ioined to eacE other to form a 3- through T-membered ring. More preferably. R and 

r13 taken together represents a ring of the following formula. 
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formula (11). 
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43 




so 



[wherein R^ to R^ are as 
formula (A') 



defined in the general tormula (1): R^^ represents altoxyl or aralkytoxy: (R«')Ar is a group of 
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(A*) 



10 



[R^ and V are as defined in formula (A)], formula (B') 
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20 



[W and X are as defined in formula (B)] or formula (C) 
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(C) 
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[Y and Z are as defined in formula (C)]. 

[00221 Starting with the compound of the above general formula (II). the compound of the invention, i.e. the 1 ,2-diox- 
etane derivative of general formula (I), can be produced in accordance with the following reaction schema. 
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(R")Ar 




(HO)Ar 



Step I 




10 



IS 



Step ni 



20 




Stepn 



25 




Step ni 




30 



(IV) 



[Wherein to and are as defir^ed above: R^^ represents -OSi; (R«R^ R^°) (where R« R« ar^ R- are as defined 
above) or a phosphate group of the formula 



35 



il ^or" 

—OR 



40 



OR 



18 



45 



SO 



55 



<7 «ifl i. • 11^ I « r^^jr o4 ni7 onri s mav be joined to each other to form a ring]. The (HO)Ar in 
genSi to!Zl W has R« in the same position as the substituent R^^ in general formula (11)]. 

diotection procedures to be selected is dependent on the kind of group to be deprotected. 
?te p) l 

[00251 in this step, the above compound of general formula (110 is react«l with a halotrialKylsilane or a halophosphate 
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to introduce the corresponding silyloxy or phosphate group and thereby give the compound of general formula (IV). 
[00261 For example, when chloroethylene phosphate ts used for introducing a phosphate group in this step, the result- 
ing compound can be first converted to the cyanoethyl phosphate sodium salt using sodium cyanide and. then, the cya- 
noethyl group be eliminated to give the ammonium sodium salt. This ammonium sodium salt can be reacted with 
5 sodium hydrogen carbonate or the like to give the disodium salt in an efficient manner. 

Step III 

[0027] In this step, the compound of general formula (II). (Ill) or (IV) is reacted with singlet oxygen to give the 1.2- 
70 dioxetane derivative of general formula (I), i.e. the compound of the invention, 

[0028] This reaction with singlet oxygen can be effected by in-adiating the dihydrofuran derivative of the general for- 
mula (II). (HI) or (IV) with visible light in the presence of a photosensitizer. such as methylene blue, Rose Bengal, tetra- 
phenylporphyrin (TPP) or the like, in an oxygen atmosphere. 

[00291 The solvent which can be used for this reaction includes but is not limited to halogenated hydrocarbons such 
75 as dichloromethane. dichloroethane. carbon tetrachloride, etc. and alcohols such as methanol and ethanol. This reac- 
tion Is preferably conducted at -80°C through room tenrperature. 

[0030] There is no particular limitation on the method for the production of said dihydrofuran ring derivative of general 
formula (11). For exanrtple. the following processes can be mentioned. 

20 (1 ) when (R^"')Ar is a group of formula (A*): 

[0031] When (R^^jAr in the above general formula (II) is a group of fomiula (A'), the dihydrofuran ring derivative of 
general formula (II) can be synthesized in accordance with the following reaction schema. 
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.61 



10 



15 



""■ex. 



(lA) 



Step2A 



k61 



HO. StcplA 



(2A) 



R R* HO 



{4A) 



(3A) 



Step3A 



^0 




25 



(5A) 



3 



Step 4A 
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Step6A 



l>5 R* 



(U) 



55 



Where R^^ and R^^ are respectively joined to the adjacent cartwn atom). R represents naiogen. suobinu 
or hydroxy; (R^^)Ar the in general formula (II) is a group of formula (A')]. 

Step 1 A 

[0032] in this Step, the compound of general formula (1 A) Is reacted with the compound of genera, formula (2A) to 
give the compound of general formula (3A). <;„nthi«as 

Sl^hlde orTe like within the reaction system and. then, the above reaction .s conducted. 

IS'^ WheT^n aSor used, the reaction can be conduced using H in ««T*,inatton with a solvent for example 
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Py SOg/triethyiamine/DMSO. AcaO/DMSO. etc. 



Step 3A 



5 (00391 In this step, the above-mentioned compound of general fomiula (4A) is subjected to cydization reaction to give 
the compound of general formula (5A). 

10040] This reaction is carried out using a secondary amine salt of lithium, such as lithium dusopropylamide. or a base 

(OMir *-me°MKert^ybe an organic solvent such as tetrahydrofuran (THF) or dimethyl sulfoxide (DMSO). and the 
10 reaction is preferably conduced at CC through room temperature for 1 to 5 hours. 

SI£S4A 

(0042] In this step, the above compound of general formula (5A) is dehydrated to give the compound of general for- 

[00431 This reaction is carried out using Ihionyl chloride In the presence of a base such as pyridine or using an acid 
such as phosphoric acid, p-toluenesulfonic add or the like as the catalyst. u 
[0044] The solvent may for example be a halogenated hydrocarbon such as methylene chloride or an aromatic hydro- 
carbon such as toluene, and the choice is dependent on the reagent to be used. 



Step 5A 



100451 In this step, the above compound of general formula (6A) is reduced to the compound of general fomiula (7A). 
0046 This step can be carried out by reacting compound (6A) with a lithium salt such as butyllHhium. reacting it fur- 
as ther with an azide such as p-toluenesulfonyl azide. reducing the reaction product with triphenylphosphine or the like, 
and causina a thiol such as ethanethiol to act on the reduction product „ ^ . 

(0047] The solvent may be an organic solvent such as THF and N.NKJimethylformamide (DMF). and the reaction is 
preferably carried out under ref luxing. 

30 gteo 6A 

(00481 This Step comprises synthesizing the compound of the general formula (II) from the compound of the general 

So49r ^In is reaction. R^* of the compound of general formula (7A) is converted to hydroxy or SH and. then, an ortho- 
35 carboxylate. a carbonylimidazole or the like is reacted to give a condensed-ring structure. 

[00501 When an ortho-carboxylic add ester is used. tWs reaction is preferably conducted under heabng at 100 to 
200-0. when a carbonylimidazole is used, the reaaion is preferably conducted at 0"C through room temperature. 

(2) When {R^^)Ar is a group of formula (C): 

[0051] When, in the above general formula (II). (R®^)Ar is a group of formula {C\ the dihydrofuran ring derivative of 
general formula (11) can be synthesized in accordance with the following reaction schema. 
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10 



(1C) 



STEP2C 



HO. 



(2A) 



HO 



IS 



^ it o 

(40) 



(3C) 



Step 3C 
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(5C) 



Step 4C 




(6C) 
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30 



35 



Step 5C 




Step6C 




40 



45 



[Wherein to R^ and R are as defined hereinbefore; (R«^) Ar in general formula (II) is a group of formula (dl. 

[00521 in this step, the compound of general formula (1C) is reacted with the compound of general formula (2A) to 

tZT rr^X"t'e[?ir^^^ (2A, is the same conpound as that ^ed when (R-, Ar is a group of 
!S (c5 arxd this 1C step can be carried out by Williamson Synthesis as .n sad Step 1 A. 

step 2C and Step 3C 

[0054] The production of the compound of general formula (5C) through these steps can be carried out in the same 
manner as the above-mentioned Step 2A and Step 3A. 



50 Step 4C 



compound of general formula (5C) is brominated to give the compound of general for- 
brominating agent such as N-bromosuccinimide. The solvent may be 



55 



[0055] In this step, the above 
mula (6C). 

100561 This reaction is carried out using a ^ ^. ^ ^KAt: 

selected from among such organic solvents as aqueous THF. dioxane and DMF. 
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Step 5C 

[0057] This step can be carried out in the same manner as said Step 4A. 
5 Step 6C 

[0058] In this step, a carboxyi group is first introduced the objective substituent by substituting bromine in the com- 
Dound of general formula (7C) to give the above compound of the general formula (II). ^ ^ ^ „j^. ^ 

mS] -SJe introduction of a substituted amino group can be carried out by using a lith.um salt such as butyHrthium^^ 
,0 introduce a carboxyl group and. then, reacting an amine or ammonia in the presence of a condensing agent such as a 

"SSSi^^^^^^ of the amide obtained by the above reaction to the compound having an oxazoline ring, for 

instance the reaction can be carried out with a substituted or unsubstituted ethanoiamme. 
SsT^ie "Suction C an acyl group can be carried out by using a IHhium salt such as butyllithium to re^^^^ 
,s N-meJiyHormanilide or to react aldehyde such as acetaWehyde and benzaldehyde etc. and then. ox«l.s.ng hydroxyl 
arourby uLTan oxidizing agent such as manganese dioxide. In this step, the compounds introduced ar| acy group 
«n £e !!sS?s a sorting Llial of the step III by conducting Step I and reacting with hydroxylam.ne or alkoxylamme 
to give an oxime. 

20 (3) when (R®^)Ar is a group of formula (B*): 

10062] When, in the above general formula (II). (R^^)Ar is a group of formula (B'). the dihydrofuran ring derivative of 
general formula (U) can be synthesized in accordance with the following reaction schema 
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10 



15 



20 



25 



30 



35 



COOH 



St p 1B 



(IB) 



(28) 




Step 2B 



(38) 



ft 



step 38 



(48) 



(R*^)Ar 




(») 



" [wherein to R^. W. X and R^^ are as defined hereinbefore; (Re^)Ar in general formula (II) is a groip of formula (B")] 
Step IB 

« 100631 in this step, the compound of general formula (IB) and the compound of general formula (2B) are subjected 
to condensation reaction to give the compound of general formula (3B) -«™nie be a carbodi- 

[0064] This reaction can be carried out in the presence of a condensing agent which may for example be a carbod. 

'^S'si" l^Zt'^S^^Ieec^r.. a halogenated hydrocarbon such asdichloromethane can be used as the solvent. 

SO 

step 2B 

[0066] This step can be carried out in the same manner as said Step 2A. 
55 Step 3B 

rnnfi-n m this steo the comDOund of general formula (4B) is reacted with a reducing agent and a base in presence 
LSumto^^^^^^^^^ 
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to give the compound of general formula (II). 

r00681 It Is essential that the first stage of this step be conducted in the presence of titanium. The trtanium is preferably 
a titanium halide such as titanium chloride. To mention a preferred example, the compound (48) .s reduced by using 
lithium aluminum hydride as the reducing agent and triethylamine or pyridine as the base. This reacton can be carried 
o* in an organic ether such as tetrahydrofuran (THF). WWIe this reaction proceeds at 0 to 100'C. the reflux condition 
is preferred from the standpoints of easiness of operation and reactivity. 

100691 The dehydrative cyclization reaction in the second stage of tiiis step is preferably earned out using PPT5. p- 
toluenesulfonic acid or the like as the acid catalyst. The reaction solvent may for example be a halogenated hydrocar- 
bon or an aromatic hydrocaibon such as benzene, toluene or xylene. 

rOOTOl The 1 2-dioxetane derivative of general formula (I), i.e. the compound of the invention, decomposes into the 
carbonyl compound with the emission of a chemiluminescence under alkaline conditions or decomposes with the emis- 
sTon of a Chemiluminescence in the presence of an enzyme. e.g. an esterase (cartjoxylic ester hydrase) such as aryl 
esterase, acetylcholine esterase, etc. or an add or alkaline phosphatase. Therefdre. it can be used not only as an 
immunoassay reagent in the immunological assay system for determination of the concentration of a substance to be 
delected in samples but also in enzyme assays, chemfcal assays and nucleotide probe method. ^.^ 
rO071 1 The substance to be detected in the above-mentioned immunoassay system is not particularly restricted birt 
includes hormones such as hCG. TSH. LH. etc.: cancer-related substances such as AFP. CEA. etc: viral antigens such 
as HIV HTLV-1 etc the corresponding antibodies, and nucleic acids (DNA. RNA). among others. 
10072]' The above-mentioned immunoassay is not particularly restricted. For example, it may comprise a step <)f cou- 
pling said enzyme to a substance having a specific binding affinity for said substance to be detected mixing rt wrth a 
senile containing the substance to be detected, and allowing ttie mixture to react for a predetermined time to let me 
substance to be detected be coupled to said substance having a binding affinity therefor and a step of determining the 
amount of said substance having said binding affinity which was either coupled or not coupled. This step o^ detern^ing 
the amount of the substance having said specific binding affinity which was either coupled or not coupled based on 
the following principle. Thus, as the enzyme reacts with the 1.2-dioxetane derivative of the '"^^^^Sl °* 

emission from the 1 2-dioxetane derivative inaeases proportionally with the amount of the enzyme so that the concen- 
tration of the substance to be detected can be determined by measuring the intensity of the chemiluminescence. 
[0073] The immunoassay kit containing the l .2-dioxetane derivative of the invention and the above-mentioned immu- 
nological assay metiiods using it also fall within the scope of the present invention. 

roOW] The 1 2-dioxetane derivative of general formula (1). thus the compound of the present invention is capable of 
showing a steady chemiluminescent emission eff iciency with high quantum yields and. in addition is thermally so stable 
that decomposition products are not observed at all after some refrigerator storage for a year. Therefore the determi- 
nation of chemiluminescence can be conveniently carried out with good efficiency. Thus, the derivative of the invention 

is useful for clinical examinations, for instanca ^ . ,^ ,a\ t^,^ 

[0075] Particularly, when the 1 .2-dioxetane derivative of the invention has the hioiety of the above formula (B). the 
derivative has high thermal stability and a steady chemiluminescent emission, in addition, its 'umiriescence is shitted 
toward ttie longer wavelengtii side compared with the conventional 1.2-dioxetane derivatives (wavelengttis 400 to 500 
nm) thus containing a red component, with the result that it can be clearly identified from the conventional lumines- 
cence by means of an instrument or even visually. Therefore, by using this derivative in combination with a compound 
having a different luminescent characteristic, multi-item determinations can be carried out in automatic assays in the 

clinical examination. ^ ,^ . ^ . ,_. . . , 

(00761 Furthermore, the 1 .2-dioxetane derivative of ttie invention has the moiety of the above formula (C). the derw- 
ative has high thermal stability and a steady chemiluminescent emission, in addition, is capable of showing a steady 
chemiluminescent emission efficiency with high quantum yields in protoic solvents even without the arf of an enhancer. 
45 Therefore, when using the 1 .2-dioxetane derivative of the invention, the enhancers themselves and the step of adding 
the enhancers are not required so that waste of time and cost can be avoid. 

BEST MODE FOR CARRYING OUT THE INVENTION 

50 [0077] The following examples illustrate the present invention in further detail and should by no means be construed 

as d^ining the scope of the invention. 

[0078] Exanples 1 2, 9. 1 0. and 11 describe the synthesis of the 1 .2-dioxetane denvative of the invention where Ar 
represents a group of formula (A): Examples 3 to 6 describe the synthesis of the 1 .2-dioxetane deri>«tive of the inven- 
tion where Ar represents a group of formula (B): and Examples 7. 8. 12. 1 3. and 14 describe the synthesis of the 1 .2- 

55 dioxetane derivative of the invention where Ar represents a youp of formula (C). 
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(Reference Example 1) 
[00791 



10 



JS 



so 



25 



OMe 




OH 



MeO 




(1) 



(2) 



OMc 




MeO 



OH 



(3) 



10080, .n nl^ogen a^sphere at a room ^^^^^^^^ 

OIL Of tetrahydrofuran (THF). followed by coohng on ^e To "^^'^^J^^^^^^^ of tosyl chloride dis- 
30 3.5^imethoxyben2yl alcohol (Compound [1]) dissolved m ''^^^J^^^'^f^^ UtetramethjJ-l .3-pentane- 
I ^ '.^Arr>\ TWF added droDw se. After 30 minutes, 403 mg (2.5i£ mmoi; or it.^,**.'* io"oii"5««y • ^ 

reaction "^^J^t^^L^ -p^e extract was washed with saturated aqueous soluton of sodium chloride, 
chtonde and extracted with ethyl acetate. ^ f^*" ''^^ ^ concentrate was applied to a silica gel column 
35 dehydrated over ^^nesium s^^^^ , eth^acetate =5:1) to obtain 815 

mTros^H^^^^^^ 

tHNMR(400h/IHz. CDCI3): 6 1.03 (s. 9H). 1.05 (S. 3H). 1.08 (S.3H). 3.25 (S. 1H). 3.33 (q^B- J=8.1Hz. 2H). 3.90 (s. 
40 6H). 4.47 (Qab. J=12Hz. 2H). 6.55 (s, 2H) ppm 

'^^■^\^*\T^S:^^. ^"<-). '-(e^). 'O^^l- ''<^'. »<"'■ 
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(Reference Example 2) 
[0081] 



to 



15 



20 



OMe 




MeO 



(3) 



OMe 




MeO 



25 



30 



3S 



[00821 In nitrogen atmosphere at a room temperature. 5 g of Celite was added to 40 mL of methylene chionde. fo - 
lowed by addition of 1.43 g (6.66 mmol) of PCC. Then. 2.34 g (6.05 mmol) of l.(4-bromo.3.5^.methoxybenzylox^^ 
2 2 4 4-tetram6thyl-3-pentanol (Compound [3]) dissolved in 10 mL of methylene chloride was added and the mixture 
was stirred tor 24 hours. Then, 20 mL of 2-propanol and 80 mL of ether were serially added to the above reaction mix- 
ture and filtered with Celite. The filtrate was concentrated and applied to a silica gel column and the elution earned 
out Ivith the mixture of hexane and ethyl acetate (hexane : ethyl acetate =10:1) to obtain 2.25 g (5.80 mmol) of 1-(4- 
bromo-3,5-dimethoxybenzyloxy)-2.2.4,4-tetramethylpentan-3-one (Compound [4]). Yield 95.8%. 

1 HNMR(400MHz, CDCI3): 8 1 .24 (s. 9H). 1 .32 (s. 6H). 3.50 (s. 2H). 3.89 (s. 6H). 4.45 (s. 2H). 6.52 (s. 2H) ppm 
IR (liquid film); 2967. 2869, 1589, 1236 cm"^ 

Mass (m/z.%) : 388 (W +1,21), 332(10), 246(39). 231(100), 151(19). 97(13). 85(15). 69(15), 55(69) 



(Reference Example 3) 



40 [0083] 



45 



so 



OMe 



OMe 




MeO 



(4) 




MeO 



55 



[0084] In nitrogen atmosphere at a room temperature, 2.0 mL (1 4.2 mmol) of diisopropylamine was add«j to 15 mL 
of THF and after addition of 7.4 mL (1 1.9 mmol) of 1 .6 M bulyllithium/hexane. the mixture was strred for 30 minutes. 
Then at -78°C 4 09 g (10.6 mmol) of H4-bromo-3.5KJimethoxybenzyloxy)-2,2.4.4-tetramethylpentan-3-one (Com- 
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lure «as added 10 mL 01 pure «ater. ar«l themrxlure ■^^J^ IZZo^ «im magrreslun. arUate 
acetate. The Wract was washed with saturated J *e eluMn was carJed out with the 

a„h,drlde. and corrcehlrated. The resMu. was '^«'J^.^''^^Tztg (6^ mmol) of 2.(4^ko.™-3.5. 

6H). 4.99 (S. 1 H), &79 (s. 2H) ppm ^ 

SI^M.'!I-;f7^. 355,98,. 3,3,,,,. 299<«,. 2«<76,. 23,„4,. a,3„4,. 53,63, 

(Reference Example 4) 
[0085] 



20 



25 



OMe 



OMe 




MeO 




MeO 



(5) 



(6) 



30 



35 



4(7 



45 



drofuran (Compound [6]). Yield 81 .7%. 

M^wnn nnint- 139 to UO«C (colotless granular crystals as recrystallized from ether) 
^^frmC.;.* JolS^i C A 6H). 3.39 ,s. 2H,. 3.30 (s. 6H,. e.5, ,s. 2H) pprh 

'3™\,:.':i.2fS,«,. «r,.3,. .45,«,. 2,3,,.,. 53,30, 



50 



55 
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(Reference Exanpte 5) 




20 



25 



30 



35 



[0088] In nitrogen atmosphere at a room temperature. 814 mg (2.21 mmol) of 5-(4.bromo-3.5Hdimethoxyphenyl)-4-t- 
buty|.3 3-dimethyl-2.3-dihydrofuran (Compound [6]) was added to 3 mL of THF. Then, at -ys-C. 1 .6 mL (2.56 mmol) of 
1 6 M butyllithium in hexane was added and the mixture was stirred for 20 minutes. Then. 803 mg (4.07 mmol) of tosyl 
azide dissolved in 3 mL of THF was added dropwise and the mixture was stin-ed for 15 minutes. Then. 690 mg (2.63 
mmol) of triphenylphosphine and 52.5 mg of rhodium (II) acetate were serially added, followed by stirring for 2 hours. 
This reaction mixture was poured in a mixture of saturated aqueous solution of sodium chloride and saturated aqueous 
solution of sodium hydrogen carbonate and extracted with ethyl acetate. The extract was washed with saturated aque- 
ous solution of sodium chloride, dried with magnesium sulfate anhydride, and concentrated. The residue was applied 
to a silica gel column and the elution was carried out with the mixture of hexane and ethyl acetate (hexane : ethyl ace- 
tate =10:1) to obtain 882 mg (1.56 mmol) of 4-t-butyl-5-(3.5-dimethoxy-4-triphenylphosphorousiminophenyl)-3,3-dime- 
thyl-2,3-dihydrofuran (Compound [7]) as white solid. Yield 70.9%. 

iHNMR(400MHz. CDCI3); 6 1.05 (S. 9H). 1.31 (s. 6H). 3.46 (s. 6H). 3.84 (s. 2H). 6.38 (s. 2H). 7.30 - 7.80 (m. 15H) 
ppm 

Mass (mfe. %) : 303 (M* 23). 288(100). 258(9). 232(38), 178(42). 150(7). 109(19) 
(Reference Example 6) 
[0089] 



40 



45 



OMe 



OH 



(Ph)3PN 



MeO 





50 



(7) 



(8) 



[0090] In nitrogen atmosphere. 679 mg (1 7.0 mmol) of 60% sodium hydride was added to 13 mL of DMF. followed lay 
cooling on ice. Then, ice-cooled 1.2 mL(16.2 mmol) of ethanethid was added. Thereafter. 876 mg (1.S5 mmol) of A-t- 
buty1-5-(3 5-dimethoxy-4-triphenylphosphorousiminophenyl)-3.3-dimethyl-2.3-dihydrofuran (Compound (7]) dissolved 
in 5 mL of DMF was added dropwise and the mixture was refluxed for 3 hours. This reaction mixture was poured in sat- 
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u«t«l aaueous solution of sodium chloride and extracted with ethyl acetate. The extract was washed wHh saturated 
aS^Sii sdL^on Ts^^^ Chloride, dried with magnesium sulfate anhydride and J^^^^;;"^. 

a silica ael column and the elution was carried out with the mixture of hexane and ethyl acetate (hexane . 
SucLT=1^) to o"S;S^g (0 5^ mmol) of 5-(4-an.no.3.5-dihydrophenyO-4.-butyl-3.3.1imethy.-2.3^^^^ 

5 furan (Conpound [8]). rieW 34,2%. 

1HNMR(400MHZ. CDCI3); 5 1.07 (s. 9H). 1.30 (s. 6H). 3.20 - 4.00 (Br. 1H). 3.845 (s. 2H). 4.60 - 5.20 (Br. IH). 6.36 
(s. 2H) ppm 

10 (Reference Example 7 
[0091] 



15 



20 



H2N 





25 



(8) 



(9) 



30 



35 



40 



[00921 TO 3 mL of trimethyl orthoformate was added 1 14 mg (0.41 mmol) of f 

E 3-drmethyl-2 3-dihydrofuran (Compound [8]) at a room temperature . and the mixture was refluxed for 2 houre. 
TO^rea^rSure^Tpoured in saturated aqueous solution of sodium chloride and extracted with ethyl acetete. 
^Se SrSl^ waied wi?h saturated aqueous solution of sodium chloride, dried with W'"'"^^*^^^^^^^^^^^ 
! ^«^rn^«i Ji The residue was aoolied to a silica gel column and the elution was earned out wrth the mixture of 
™rSX ^wfcetale =3:1) to obtain 12^3 rng (0.04 m.o.) o,^W5-(4-hydroxy- 

benS^oxazol-e yl)-3.3-dimethyl-2.3-dihydrofuran (Compound [9]) as colorless solid. Yield 10.4%. 

iHNMR(400MHz. CDCI3); 5 1 .06 (s. 9H). 1 .35 (s. 6H). 3.89 (s. 2H). 6.41 (s. 1 H). 6.85 (s. 1 H). 7.1 1 (s. 1 H). 8.01 (s. 

mI^^z. %) : 287 (M*. 17). 272(64). 216(44). 162(79). 149(35). 134(10). 97(21). 55(100) 

(Example 1) 
[0093] 



45 



50 



55 



OH 





[0094] To 1 mL of methylene chloride were added 1 .0 mg of tetraphenylporphyrin (TPP) and 1 2.3 mg (0.04 mmol) of 
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4-t-butvl-5-(4-hydroxybenzo[d]oxa20l-6-yl)-3.3-dimethyl-2.3-dihydro«uran (Compound [9]) . and the mixture was ©rter- 
nallv irradiated with a 940 W sodium lamp in an oxygen atmosphere at -78»C for 30 minutes. Then, at 0°C. the mixture 
was externally irradiated with the 940 W sodium lamp lor another 15 minutes and. then, concentrated. The resKlue was 
siiected to preparative thin-layer chromatography (silica gel 6OF254) and the elution was earned out witti the mixture 
oi^S?e Z acetate (hiane : ethyl acetate =5:1) to obtain 10.2 mg (0.03 mmol) of 5:t-hirtyl-4 4^^^^^^ 
hydroxy-benzo(d]oxa2ol-6-yl)-2.6.7-trioxabicyclol3.2.0]heptane (Compound [10]) as white solid. Yield 79.8%. 

iHNMR(400MHz. CDCl3);6 1.01 (s. 9H). 1.17(s. 3H). 1.41 (s. 3H). 4.22(qAB. 8.3 Hz. 2H). 7.19(S. 1H), 7.51 (S. 1H). 
{iTi^.^<S'r287 (M* -32, 14). 272(85). 216(7). 162(95). 149(19). 134(9). 97(30). 55(100) 



75 



(Reference Example 8) 
[0095] 



20 



25 





(8) 



(11) 



30 



[0096] In nitrogen atmosphere at a room temperature, 41 .4 mg (0.15 mmol) 5-(4-amino-3 5-dihydj^a^phe^^^ 
butyl-3.3.dimethyl-2.3^ihydrofuran (Compound (8]) was added to 1 mL of THF. foHowed by °' ^^^^^ mg (0/19 

mmol) of 1 V-carbonylbis-IH-imidazole. The mixture was stirred for 30 minutes and then concentrated. TT^e concen- 
trate was applied to a silica gel column and the elution was carried out with the mixture of hexane and etf^l acetete 
(hexane acetate =2:1) to obtain 40.3 mg (0.13 mmoJ) of 4-t-butyl-5-(4-hydroxy-2-oxobenzo[d]oxazol-6-yl)-3.3- 
35 dimethyl-2 .3-dihydrofuran (Compound [1 1 ]) as colorless granular crystals. Yield 88.6%. 

1 HNMR(400MHz. CDCI3): 5 1 .06 (s, 9H). 1 .33 (S, 6H). 3.86 (s. 2H). 5.60 - 6.40 (m. 1 H). 6.63 (d. J=1 .5Hz. 1 H). 6.79 
(d, J=l .5Hz. IH). 8.00 - 8.60 (Br. 1H) ppm 



40 



Mass (m/z. %) ; 303 (M*. 23). 288(100). 258(9). 232(38). 178(42). 150(7). 109(19) 
(Example 2) 
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with a 940 W sodium lamp in an oxygen atmosphere JJf^f fo,\ hirther 40 minutes and. then. 

.HNMR<«OMHr. OOCW; 5 1.00 (s. 9H). ,.,5 (s. 3H). 1.36 (s, 3H). 4.18 (q.B. J-7.3 Hz. 2H). 7.05 ^s. 1H). 7.1. (s. 

i^Jlz. %) : 335<«-. 0.2). 303(OJ!). 279(17), 19S(21). 178(100). 151(6). 123(3). 55(57) 
(Reference Example 9) 
[0099] 



20 



IS 



30 



MeO 




COOH 



(13) 



MeO 




(2) 




35 



(14) 



40 



45 



SO 



ene chloride containing 2.63 g (13.7 mmol) ''^^^^^^^^^ ^ methylene chloride dissolving 14.20g 

(16.4 mmol) of 2.2.4.4-tetramemyl-l 3-pentand.ol (Ck,np^^ 

(21 .gmmol) Of WSC HCl was added dropw.se and Sth saSrated aqueous solution of sodium 

kdded to the reaction mixture, then the organic layer ^^'^[^^^J^'^^J^ ,o a silica gel col- 

hydroxide, dried with magnesU^m su«ate -•^;;^;-f ^^^^^^^^^^ = 4:1) to obtain 

e^::?(ri?m:r^^X™ 5-L.oxyt,Uofuran.2-cart.xy.ate (Compound 

[14]).rield:90.1% 

melting point 1 13.5-1 14.5-C (colorless needle crystal obtained by recrystallization from the mixture of hexane and 
?SSrrLz.CDC,):«1.07(s.9H).1.ia(s3H)..^^ 

3 86 (S. 3H). 4.25 (Qab- J= ^0 7 Hz. 2H). 7.05-7.08 (m.2H). 7.45-7.49 (m. 2H) ppm 
lRrKBrV3543 2954. 1711. 1552. 1469. 1218 cm- 
S^(i^.%)':334(M* 1). 316(2). 192(92). 175(100). 127(23). 119(20) 
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(Reference Example 10) 
[0101] 



TO 



15 



MeO 




(14) 



20 



25 



30 



(15) 



35 



[01021 In nitrogen atmosphere at a room temperature. 2.80 mg (13.2 mmol) of PCC and 4.50 g of Celrte were sus- 
o^L w"hT?nt Of mett^ene chloride. 25 ml of methylene chloride dissolving 2 90 g (8-68 mmol) of 3-Mroxy- 
2?47-trtramethylpentane-l-y) 5-methoxybenzofuran-2-canx>xylate (Compound [14]) was added drop«jse. and the 
mLre was stirred for 24 hours. Adding 2 ml of 2-propanol. the reaction mixture was stirred for 1 hour. Then addmg 
o7ethS the resulting mixture was filtrated by Celrte and the filtrate was concentrated. The concentrate ^^ 
ISSJedto a sL gel column and the elution was carried out with the mixture of hexane and ethyl acetate (hexane^ett^yl 
Stete - 10-1)To obtain 2.82 g (8.94 mmol) of 2,2.4.4-tetramethyl-3-oxopentane-1-yl 5-methoxyben20furan-2-cafbox- 
ylate (Compound [151). Yield 97.8%. 

melting point 81.5-82.5'C (colorless needle crystal obtained by recrystallisation from the mixture of hexane and 

^X'nSrSShz. CDCb): 8 1.30 (S. 9H). 1.39 (S. 6H). 3.85 (S. 3H). 4.44 (s. 2H). 7.06-7.08 (m.2H). 7.35-7.47 
(m.2H) ppm 

IR (KBr)- 2966. 1717. 1567. 1470. 1318. 1215. 1156 cm 

Mass (m/z. %) ; 332 (M* 6). 276(20), 192(56). 175(100). 1 19(14) 

(Reference Example 11) 



40 



45 



SO 



[0103] 



MeO 




05) 



MeO 
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e 



70 



75 



20 



^, of THF. the mhcture was strrj tldinrr8o''m.{S^^^^ I, Sr^Lhyliine. the mixture was refluxed for 
S^irSaTrS?^^^^ °' 2.2.4.4-tetran«thyl-3-«operrtar,e.1-y. 5- 

"'l^'lJpl^S^S^^.S^S.S. a a room ««,»au,e tt, 24 hours. Th, reaction mixture was aOOad » a 
washed with saturated , ^j^^^ gnd the elution was carried out with the mixture of hexane 

yl).3.3-dimethyl-2.3-dihydrofuran (Compound (16]) as a pale yellow oil. Y.eld 27.6 %. 

1HNMR(400MHZ. COO,): 6 1.26 (s. 9H). 1.33 (s. 6H). 3.84 (s. 3H). 3.91 (s. 2H). 6.76 (s. 1H). 6.89 (dd. J=8.8 and 
2 4 Hz 1H). 7.01 (d. J=2.4 Hz. 1H). 7.38 (d. J-8.8 Hz. 1H) ppm 
IR (liquid film):2956. 2867. 161S. 1467. 1205. 1030 cm*^ 
Mass (mfe.%) : 300 (M* 32). 285(100). 229(21). 175(20) 

(Reference Example 12) 

[0105] 



2S 



MeO 



30 





(16) 



(17) 



35 



40 



45 



50 



' "'^ ^n^s^m XrSe arS extracted with ethyl acetate. The organic layer was washed with saturated aqueous 

sation from the mixture of hexane and ethyl acetate) 

lHNMR(400MHz. CDCI3): 5 1.26 (s. 9H). 1.33 (s. 6H). 3.90 (S. 2H). 4.60 (s. 1H). 6.72 (s. 1H). 6.79 (dd. J=8.8 and 
2 4 Hz. 1H). 6.95 (d. J=2.4 Hz. 1H). 7.33 (d. J=8.8 Hz. 1H) ppm 
IR (KBr)- 3389. 2963, 1614. 1466. 1203. 1035. 806 cm- 
Mass (mft. %); 286 (M* 35). 271(100). 215(27). 169(25). 105(8) 



55 
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(Reference Example 13) 



[01071 



5 




[01081 In nitrogen atmosphere, under cooling with ice bath, adding 0.20 ml (1.50 mmol) of tnethy^amme to 3.0 ml of 
DMF dissolving 190 mg (0 549 mmol) of 4-t-butyl-5-(5-hydroxybenzofuran.2-yO-3.3Klimethyl-2.3-^^^^ 

20 Dound ri71) the mixture was stirred lor IS minutes. Adding ISOmg of t-butyWimethylchlorosilane (1 .00 mmol). «w m.x- 
SJ^ washed for 2 hours at a room temperature. The resulting mixture was added to saturated aqueous sduton of 
sodium chloride and extracted with ethyl acetate. The organic layer was washed with saturated aqueous sdubon of 
sodium chloride, then dried with magnesium sulfate anhydride and concentrated. The concentrate was appl'ed to a s,l. 
ica gel column and the elution was carried out with the mixture of hexane and ethyl acetate J^^^ne^ e^yl acetete == 

25 5:1) to obtain 225 mg (0.489 mmol) of 4-t-butyl-5-(5-(t-butyldim6thylsiloxy)ben20furan-2-yl)-3.3-dimethyl-2,3-dihydro- 
furan (Compound [18]) as a pale yellow oil. Yield 89.1 %. 

^HNMR(400MH2. CDCI3): 5 0.19 (s, 6H). 0.99 (S. 9H). 1.27 (s. 9H). 1.33 (s. 6H). 1.39 (t. J= 6 8 Hz. 3H). 3.90 (s. 
2H). 6.71(s, 1H). 6.78 (dd, J=8.8 and 2.4H2. 1H). 6.97 (d. J-2.4Hz. 1H). 7.31 (d. J=8.8 Hz. 1H) ppm 
30 IR (liquid film): 2956, 2863. 1459. 1255. 1 1 95. 885 cm'^ 

Mass (m/z.%); 400 (M* 24). 385(100). 343(6). 329(15). 287(10). 73 (59) 



(Example 3) 



35 [0109] 




55 



rOIIOI Adding 1 mg of TPP to 4 ml of methylene chloride dissolving 132 mg (0.286 mmol) of 4-t-butyl-5-(5-(t-butyld- 
methylsiloxy)benzofuran-2-yl)-3.3-dimethyl-2.3-dihydrofuran (Compound 118]). the mixture was sf^^^d in oxyg^ 
L^c^S! at the temperature of -78''C. This solution was externally irritated with a 940 W sodium lamp for 4 hours. 
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2";h 'Sim^^^^^^ (Compound I19» as a whrte sold. r.ekJ 85.0 %. 

IR (KBr); 2957. 1466. 1225. 1 196. 1034. 873 cm'^ 
10 (Reference Example 1 4) 
[01111 



15 



20 



MeO 




COOH 




(20) 



(2) 



MeO 



25 




30 



35 



40 



45 



13.17 g (16.5 mmd) of WSC HCI was added ^^^^^ ^ extracted with ethyt acetate, "me organic 

ture was added to a saturated aqueous solution of a™""^ J,enSwrth magnesium sulfate anhydride 

m«»9 poi* >21.0 ■ 122.0-0 ~«le c«.l o»i™<. b, ,e«ysu.l»«o" «»" «» " 

and ethyl acetate) « , «ux ^ /« 1 q7 (d J-6 4 Hz 1H) 3.29 (d, J=6.4 Hz, 1H). 

1H).7.99(s, lH)ppm ^ 

^^S'; SriJ-%%'S9i.'^er.08(87, ,9.000). ,e5<2.,, .0=(,„, .7„S,, e^20, 



50 



55 



25 



(Reference Example 15) 
[0113] 
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n OH 



(21) 



(22) 



roi 14] In nitrogen atmosphere at a room temperature. 2.70 g (12.5 mmol) of PCC and 4.5 g of Celite were suspended 
with 20 ml of methylene chloride. Adding dropwise 15 ml of methylene chloride dissolving 2.84 g (8.11 mmol) of 3- 
hvdroxy-2 2 4 4-tetramethylpentane-l-yl 5-methoxybenzothiophen-2-carboxylat6 (Compound [21]). the mixture was 
stirred for 24 hours. Adding 2 ml of 2-propanol. the reaction mixture was stirred for 1 hour. Then adding 100ml of ether, 
the resulting mixture was filtrated by Celite and the filtrate was concentrated. The concentrate was applied to a srtira 
ael column and the elution was carried out with the mixture of hexane and ethyl acetate (hexane.ethyl acetate = 10:1) 
to obtain 2.68 mg (7.70 mmol) of 2,2.4.4-tetramethyl-3-oxcpentane-1-yl 5-methoxyben20thiophen-2-carboxylate (Com- 
pound [22]). Yield 88.7 %. 

melting poinf.74.0- 75.5''C (colorless needle crystal obtained by recrystallization from the mixture of hexane and 

SmrJwOMHz. CDCI3): 5 1.30 (s. 9H). 1.39 (s. 6H). 3.87 (s. 3H). 4.41(s. 2H). 7.10(dd. J=8.8 and 2.4 Hz. 1H). 

7.28 (d, J= 2.4 Hz. 1H). 7.70 (d. J-8.8 Hz. 1H). 7.93 (S. 1H) ppm 

IR(KBr): 2968. 1689. 1525. 1292. 1218. 1069 cm'^ 

Mass (m/z. %): 348(M* 14). 292(22). 208(39). 191(100). 163(10). 

(Reference Exanple 16) 



[0115] 



MeO 



45 




(22) 



MeO 
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roiiei in nitrogen atmosphere, under cooling with ice bath, adding 3.15 g (20.4 mmol) o1 ti^nium dito^^^^^ to 70 ml 

dihydrofuran (Ck>mpound [23]). Yield 51.7 %. 

melting point. 58 - 59»C (cdorle^ granular ^^-jf JTj'S ? S7f^^^^^^ and 2.4 Hz. 1H). 

iHNMR(400MHz. CDCI3); 5 1.18 (s. 9H). 1.34 (s. 6H). 3.96 (S. 3H). 3.90^S. isn;. o.s/v"". 

7 20(S. 1H). 7.20(d. J=2.4 Hz. 1H). 7.65 (d. J=8.8 Hz. 1 H) ppm 
IR (KBr)- 2981. 2870. 1598. 1453. 1216. 1021. 806 cm- 
Mass (m/z. %); 316 (M* 34). 301(100). 245(30). 191(27) 

(Reference Exanple 17) 



25 



30 



[0117] 



MeO 





35 



40 



45 



SO 



c^rStewS^SpTed to a silica gel column and the elution was carried out with the '^'^^^1^^^%^^,,;^^^^. 
"^nerS.ylacetate - 5:1) to obtain 308 mg (1.02 mmol) of 4-t-butyl-5-(5-hydroxybenzoth.ophen-2-yl)-3.3<J.methyl 

2.3-dihydrofuran (Compound [24)). Yield 87.3 % 

melting point; 195.5 - 196.5»C (colorless needle crystal obtained by recrystallization from the mixture of hexane 

tNMR(!tS'^^H:?CDC.3): S 1.18 (s. 9H). 1.34 (s. 6H). 3.90 (s. 2H). 4.65(s. 1H). 6.88(dd. J=8.8and 2.4 Hz. 1H). 

7.15(8. 1H). 7.16(d. J=2.4 Hz. 1H). 7.63 (d. J=8.8 Hz. 1H) ppm 
IR (KBr)- 3363. 2963. 1599. 1438. 1210. 1024 cm*^ 
Mass (m/z. %): 302 (M* 36). 287(100). 246(6). 231(39) 



55 
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(Reference Example 18) 
[0119] 



10 




t-Bu(Mc)2SiO 




15 



20 



25 



30 



rai201 in nitroaen atmosphere, under cooling with ice bath, adding 0.20 ml (1 .5 mmol) of ^'f^^'^^l^^^^f.^^^ 
T I „L T^Z m 379 mmol) of 4-t-butyl-5-(5-hydroxybensothiophen-2-yl)-3,3-dimethyl-2.3^ihydrofuran (Com- 

o^d Si) the^^^^^ 15 mLe;. /Sding 1S0mg (1 .00 mmol) of t-butyldimethylch.orosilane. |he rn.x- 

wis iirrtd fa 2 tours at a room temperature. The resulting mixture was added to saturated aqueous so uton o^ 

r.S«Tnd Sracted with ethyl acetate. The organic layer was washed with saturated aqueous soluton of 
^ .HoriS J^nSS^JmagnSum sulfate anhydride and concentrated. The concentrate was apphed to a s.l- 

7.2umfand thfeMirn w^^ o^ with the mixture of hexane and ethyl acetate (hexane : ethyl acetate = 
s'^J^o S^n lS mg (S^^^^^ 
drofuran (Compound [25]). Yield 97.4 %. 

^u:«« ow.nf ft« - ftqoc ^colorless aranular crystal obtained by recrystallisation from hexane) 
?;:S('^^^^^ CDcir^^^^^^^^^^ 1 .00 (s. 9H). 1.19 (s. 9H). 1 .34(s. 6H). 3.90(s. 2H). 6.88{dd. J.8.8 and 2.4 
Hz 1H) 7 14(s. 1H). 7.14(d. J=2.4 Hz. 1H). 7,61(d. J=8.8 Hz. 1H) ppm 
IR (KBrj; 2955. 2862. 1599. 1451. 1228. 870 cm"" 
Mass (m/z. %); 416(M* 27). 401(100). 345(18). 291(9) 



(Example 4) 
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t-Bu(Mc)2SiO 




!.Bu(Mc)aSiO 
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r01221 Adding 1 mg of TPP to 4 ml of methylene chloride dissolving 121 mg (0.298 mmol) of *-<*^'-5^5_^t*utyW- 
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,oxy)benzomiophen-2-y.H.4.1imethyl-2.6 J-trio«^^^^^^ (Compound [26]). Yield 78.5 %. 

melting point; 125 - 126»C (pale yellow solKfl SH). 4.17 {Qab. J= 8.3 Hz. 

IR (KBr); 2956. 2892. 1598. 1534. 1451. 1227. 847 cm 
(Reference Example 19) 
10 [0123] 



T5 



^ ^^js. .COOH Meu^^^;^^ 



(27) 



(28) 



£0 



^5 



30 



35 



Koth ft n (51 0 mmol) of 5-methoxy salicylate (Compound 
t0124] in nitrogen atmosphere. u^Jer coohng ^^^l^^^^ of soSii^^ was added and then the 

271) was dissolved in 50 ml of DMF^nd ^ 76^^^^ ^^^^^ 3,^ed for 24 hours at 

mixture was stirred for 30 minutes. Adding 4,20 ^^^J^^^^^^ solution of sodium chloride and extracted 

^iT:s^T.tzt:^ ' 

SJltSJdroxy-5-methoxy benzoate (Compound [28]) as a colorless o.l. Y.eld 85.1 %. 

^HNMR(400MH. CDCI3): 5 1.42(t J- 6.8 Hz. 3H). 3J9(. 3H), 4.42 6.8 Hz. 2H). 6.91(d J= 8.8 Hz. 1H). 

7 07(dd J=. 8.8 and 2.4 Hz. 1H). 7.30 (d. J= 2.4 Hz. 1H). 10.4 (s. 1H) ppm 

,R (liquid film). 3207. 2985. 2835. 1677. 1*^0 J 222 ^8 

Mass (m/z.%): 196 (M* 35). 150(100). 135(17). 111(19). 95(31). 83(26) 



(Reference Example 20) 
40 [0125] 

Mc0.y^^COOEt ^ MeO^^;v^COOEt 



(28) 

50 



(29) 



55 



«,».«.emi«u.ewas stirred fof30n«,«». 'W*^,"^^^ S^iSZ^«.s sdutlonotsocliumcWorideand 
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10 



15 



dried with magnesium sulfate anhydride and concentrated. The concentrate -^J^Ji^^^;^^^^ 

etiTon was carried out with the mixture of hexane and ethyl acetate (hexane : ethyl acetate = S i) toobteinj^^g {ha 

Zo^ rih722hoxycart)onylmethoxy-5-methoxy benzoate (Compound [291) as a coloriess o,l. Yield 89.4 %. 

1HNN/1R(400MHZ. CDO^: 8 1.30(t. J= 6.8 Hz. 3H). 1.38(t. J= 6.8 Hz. 3H) . 3.80(s 3*^)- %26(q. J=^^^^^ 

4 37(q. J= 6.8 Hz. 2H). 4 63(s. 2H). 6.93(d J- 8.8 Hz. 1 H). 6.96(dd. J= 8.8 and 2.4 Hz. 1 H). 7.34(d. J- 2.4 Hz. 1 H) 

ppm ^ 

IS'- .63,™,, ismoo,. ,3S<aa,. ,ot,.s, 

(Reference Example 21) 

[0127] 

OEt 

MeO. 



so 



25 



30 



35 



40 



45 



SO 



55 





COOEt 



(29) 



COOEt 

(30) 



rm^fii In nitroaen atmosphere. 1.69 ml (12.0 mmol) of diisopropylamine was dissolved in 10 ml of THF. and 6.2 ml 
n J rSnol of ? S bu^^^^^^^ hexane solution was added and the mixture was stirred for 30 minutes^ Adding dropw,se 
1 5 J^f ?HF dfsS 1-37 g (4.86 mmol) of ethyl 2-ethoxycarbonylmethoxy-5Hnethoxy benzoate (Compoundl291)at 
het?Lra^rJS -78-C. the n^ixture was stirred for 30 minutes. After irKreasing a room '^^^"^^^^^"^ 
r,:tSSto"of ammonium chloride was added. The resulting mixture was ^tJli^^SSS^I.'i^^sS^iS^ 
«♦ Jmrnnnium chloride and extracted with ethyl acetate. The aganic layer was washed with saturated aqueous s™"™^ 
2 Sofk^T te^dri^ magnesium sulfate anhydride and concentrated. The concentrate was dssolved.n 

?s^ZmF J«r700 mg (5 07 mmol) of potassium ca*onate was added and the mixture was strred for 30 m.n Add- 
^^^uy-^^XAio^Ll mixture was stirred for 24 hours at a room temperature. The resulting mixture 
'■^J^idii to SlSf^iluiorrt s^um chloride and extracted with ethyl acetate. The organic layer was 

sSJ^Sfaq^^ i^^^ Chloride, then dried with magnesium sulfate anhydride and concen- 

r^tTT^e cSc J^Se ^S^^^ a silica gel column and the elution was carried out with the mixture of hex^e 
a^lth^aSte^Sane : e^acetate = 5:1) to oW^n 580 mg (2.20 mmol) of ethyl 3-ethoxy-5-methoxybenzofuran- 
2-carboxylate (Compound (30D. Yield 45.1 %. 

melting point: 50 - SrC (colorless granular crystal obtained by recrystallization from the mixture of hexane and 

iSJmrSShz. CDCI3): 8 1.43 (t J = 6.8HZ. 3H). 1.46 (t. J - 6.8Hz. 3H). 3.86 (s. 3H). 4.43(q. J - 6.8 Hz. 2H). 
4.45(q. J = 6.8 Hz. 2H). 7.05 - 7.40 (m. 3H) ppm 
IR (KBrt- 3394. 2984, 1697. 1571. 1233. 1024 cm'^ 

Mass (m/z.%) ; 265 (M* 7). 252(25). 206(100). 191(11). 180(69). 166(43). 151(32) 
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30 



101301 under cooling with ice bath. 840 mg (15.0 mmo.) of potassium ^^^J^;^^^^ 
to 10 !n. of methanol dissolving 1.23 g (4.66 mmol) of 3^^^™^;^-^^^"^^^^ 

[30]) was added and the mixture was stirred tor 4 hours. The reac^n ^JJ^ ° chloride. 

rh'S^ssriVeir^t^^^^^^ 

zofuran-2-carboxylate (Ck>mpouncl [31]). YieW: 92.2% 

IR (KBr) 2991. 1671. 1570. 1484. 1234. 1185. 1026 em 

Mass (m/2.%) ; 236 (M* 25). 192(75). 190(100). 177(12). 164(47) 

(Reference Example 23) 



[0131] 
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OEt 



MeO 



40 




COOH + 



(31) 




45 



OEl 



MeO 



so 




55 



[01321 in nitrogen atmosphere at a room temperature. 34 mg (0.28 mmol) of DIMAP 

yShS tfssoMngSo mg (2.42 mmol) of 3^hoxy-5-methoxybenzofuran- 2-cartx>xylate (Compound [31]) and 
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70 



15 



dfiS ma (2 90 mmol) of 2 2 4 4-tetramethyl-1 ,3-pertandiol (Compound [2]) and 10 ml of methylene chloride d^Mng 
^ mo m™ S WSC • HCI wasadded dropwise. then the mixture was stirred for 24 hours. The r^ult»ig mix- 
^ a^JJ to a ifelrated aqueous solution of ammonium chloride and extracted wrth ethyl acetate^ The ojgamc 
Sler^s^S^ wimSSi aSeous solution of sodium chloride, then dried with magnesium sulfate anhydrKle 
a^ c^eS^ Ce S^enSte was applied to a silica gel column and the elution was ^rried out the ^ure 

JhyTacemte (hexane : et^ acetate . 10:1) to otrtain 824 -9 (2-18 mmo^^^^ 
Tthy^entane-l-yl 3-ethoxy-5-methoxyben20furan-2-cart)Oxylate (Compound 132]). Yield 90.3 %. 

melting point; 100.3 - lOLS-C (colorless needle crystal obtained by recrystallization from the mixture of hexane 

H^NSSSrH'^CDCa): 5 1.06(S. 9H). 1.13(S. 3H). 1.22(S. 3H). 1.50(t. J - 6-8HZ 3H, ^68(d. J = ^*Hz ^ H). 
3 2^Tn.4Hz. IH). 3 86(s. 3H). 4.25(qAB. J = 10.7 Hz. 2H). 4.49(q. J = 6.8 Hz. 2H). 7.07(dd. J - 8.8 and 2.4Hz. 
1H) 7.1 1(d. J - 2.4Hz. IH). 7.41 (d, J = 8.8Hz, IH) ppm 
IR('KBr)- 3505. 2954. 1681, 1572. 1481, 1237, 1040 cm" 

M^S (m/z,%); 378 (M* 3), 265(16), 236(24), 219(100). 190(74). 150(47). 127(52) 



20 



(Reference Example 24) 
[0133] 



25 
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40 



45 



SO 



101341 In nitrogen atmosphere at a room temperature. 1.13 mg (5.25 mmol) of PCC and 2.50 g <>» ^elrte were sus- 
p^?i. wirao mtof methylene chloride. Adding dropwise 15 ml of metl^. c"or«e dfeso^-^^a 9 g^i7 mmoj^^o^ - 
h«Hrn«v2 24 4-tetramethylpentane-1-yl 3-ethoxy-5-methoxybenzofuran-2-carboxylate (Compound P^]). the mixture 
wS^^fo; 24 h^rf iSng 2 ml of 2^ropanol. the reaction mixture was stirred for 1 hour. Then ac«.ng1 OOnJ^of 
*L lrr<«..Wno rn^Sure was filtrated by Celite and the filtrate was concentrated. The concentrate was applied to a 
S g^ cSSJ:^,^ tTel^n ^^^^^^^ out with the mixture of hexane and elhyl acetate (^^-^J-^^^^' 
l!?r)?o oSri 06 g (2.81 mmol) of 2.2.4.4-tetramethyl-3^opentane.1-yl 3-ethoxy-5-methoxybenzofuran.2^rboxy- 

late (Compound [33]). Yield 88.8% 

melting point: 105 - 106»C (colorless needle crystal obtained by recrystallization from the mixture of hexane and 

'JSmSoMHz. CDCI3); 8 1.29(s. 9H). 1.39(s. 6H). 1.45(t. J - 6.8Hz. 3H). 3.85(s. 3H). 4.44(s. 2H). 4.44(q. J = 

6.8Hz. 2H). 7.04-7.36 (m. 3H) ppm 

IR(KBrt- 2976 1710, 1482. 1416. 1230. 1169. 963 cmT^ 

Mass {m/2.%) 376 (M* 17). 336(9). 236(18). 219(100). 208(18). 190(39). 179(49) 
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(Reference Example 25) 
[01351 



TO 
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OEl 



MeO 




OEt 



McO 




(34) 
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•*u K»th A n 0 mmol) of titanium chloride was added to 70 
101361 in nitrogen atmosphere. ^-^^ ^^ilS^ '^^m^) of aluminium lithium hydride, the 
ml of THF. and the mixture was stirred for 15 TTOmgj refluxed for 30 

mixture was stirred for 15 "1"")-^^^^^^^^^^^ 

minutes. Adding dropw.se 20 ml of THF d'ssflving 9 ^^^^^ ^^j^^ tor 2 hours. After cooling the 

ethoxy-5-methoxybenzofuran.2<arboxjJate (Co^^^^^ Mrogencan»nate and extracted 

reaction mixture, the mixture was added to a ^f^^^^f f?"^"^ Sueous solution of sodium chloride, then dried with 
with ethyl acetate. TTie organic layer was wKhed with i q ml of methylene chloride and 

magnesium sulfate anhydride and concentrated, ^'^^''^'.'^fjlf 24 hours. The reaction mixture 

adding 75 mg (0.30 mmol) of PPTS. the mixjire was ^^t^^^Zt^^ with ethyl acetate. Theorganic 
was added to a saturated aqueous solution <^,'j''"'" .^^^ magneium sulfate anhydride 

layer was washed with saturated aqueous solutoo carried out with the mixture 

aid concentrated. The concentrate was appl-^ to a s ica ge^ ^T/^^'^Tl i mn.ol) of A-t-butyl-MS-ethoxy-S- 
of hexane and ethyl acetate (hexane:ethyl acetate = iS.l) to <»«'"^^ v^w 07 « 
miS^eSurJ.-2-yl)-3.3.Simethyl.2.3-dihydrofuran (Compound [34]). Yield 27.6 %. 

melting point; 60 - 61-0 (cotorless 9--'-,^;^=^' °f^'"^,''] ITsHTsTa 3^^^. 2H). 4.36(q. J = 

;THr2Trs^d5.°s^^^ = ^ ^ 

IR (KBO* 2957 1671. 1483. 1363, 1213. 1051. 805 cm*^ 
Mass {m/2.%) : 344 (M* 27). 329(100). 285(8). 273(6). 151(16) 
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(Reference Example 26) 
[0137] 
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OEt 



OEt 



MeO 





>5 



20 



25 



30 



[0138] In nitrogen atmosphere, under cooling with ice bath. 1 10 mg (2.75 mmol) of 60 % sodium hydride was added 
to 3 ml of DMF Adding 0.30 ml (4.1 mmol) of ethanethiol. the mixture was stirred fbr 15 minutes. Adding 3 ml of DMF 
dissolving 209 mg (0.608 mmol) of 4-t-butyl-S-(3-ethoxy-5-methoxyben20furan-2-yl)-3.3-dimethyl-2.3-dihydrofuran 
(Conpound [34]) the mixture was refluxed for 3 hours. After standing to cool the reaction mixture, the mixture was 
added to saturated aqueous solution of sodium chloride and extracted with ethyl acetate. The organic layer was washed 
with saturated aqueous solution of sodium chloride, then dried with magnesium sulfate anhydride and concentrated. 
The concentrate was applied to a silica gel column and the elution was carried out with the mixture of hexane and ethyl 
acetate (hexane : ethyl acetate = 5:1) to obtain 121 nng (0.367 mmol) of 4-t-butyl-5-(3-ethoxy-5-hydroxybenzofuran-2- 
yl)-3.3-dimethyl-2.3-dihydrofuran (Compound [35]) as a pale yellow oil. Yield: 60.3 % 

iHNMR(400MHz. CDCI3): 8 1.15(s. 9H). 1.33(s. 6H). 1.38(t. J- 6.8 Hz. 3H) . 3.90(s. 2H). 4.25(q. J= 6.8 Hz. 2H). 
4.59(s. 1H). 6.79(dd. J= 8.8 and 2.4 Hz. 1H). 6.95 (d. J= 2.4 Hz. 1H). 7.23(d. J= 8.8 Hz. 1H) ppm 
IR (liquid film); 3399. 2960. 1461, 1369, 1204, 1 106, 807 cm"' 
Mass (m/z.%) : 330 (M* 30). 315(100), 231(9). 177(13). 137(20) 

(Reference Example 27) 
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t-Bu(Me)2SiO 




45 



[0140] In nitrogen atmosphere, under cooling with ice bath, adding 0.2 ml (1 .5 mmol) of triethylamine to 3 ml of DMF 
50 dissolving 49 mg (0.1 5 mmol) of 4-t-buty|.5.(3-emoxy-5-hydroxybenzofuran-2-yl)-3.3-dimethyl^.3-dihydrofuran (Com- 
pound [35]) the mixture was stirred for 15 minutes. Adding 1 SOmg (1 .00 mmol) of t-butyldimethylchlorosilane. the mix- 
ture was stirred for 2 hours at a room temperature. The resulting mixture was added to saturated aqueous solution of 
sodium chloride and extracted with ethyl acetate. The organic layer was washed with saturated aqueous solution of 
sodium chloride, then dried with magnesium sulfate anhydride and concentrated. The concentrate was applied to a sil- 
ss ica gel column and the elution was carried out with the mixture of hexane and ethyl acetate (hexane : ethyl acetate =. 
5:1) to obtain 56 mg (0.13 mmol) of 4-t-butyl-5-(5-(t-butyldimethylsiloxy)-3-ethoxybenzofuran-2-yl)-3.3-dimethyl-2.3- 

dihydrofuran (Compound [36]) as a pale yellow a1. Yield 84.9%. 
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'HNMR(400MHz. CDCI3): 6 0.21(s. 6H). 1.00(s. 9H), 1.16(s. 9H). ^-^Ks. 6H) 1.3^t^ J= f-8 ^^^^ 2"^' 
4.24(q. J- 6.8 Hz. 2H), 6.78(dd. J= 8 8 and 2.4 Hz. 1H). 6.95 (d. J= 2.4 Hz. 1H). 7.20(d. J= 8.8 Hz. IH) ppm 
IR (liquid film); 2957. 2859. 1741. 1617. 1577. 1470. 1255, 1105. 838 cm"^ 
Mass (mfe,%) : 444 (M* 24). 429(100). 385(9). 251(9). 177(6). 73(20) 

(Example 5) 



101411 



10 



OEt 



t.Bu(Mc)2SiO 



75 




OEt 



t-Bu(Me)2SiO 



20 




(37) 



25 



roi421 Adding 1 mg of TPP to 2 ml of methylene cNoride dissolving 47 mg (0.066 mmol) of 4.t-butyl-5-(5-(t-butyld- 
Slsiloxy)-3 etho^benzofuran-2-yl)-3.3KJimethyl-2.3-dihydrofuran (Compound (361). the mirture was stirred .n oxy- 
30 LTaShere at 5ie temperature of -78'C. This solution was externally irritated with a 940 W sodium lamp for 4 
Sour^^rreaSon „,ixture was concentrated to obtain 5-t-butyl-1 -(5-(t-butyldimethylsiloxy)-3-ethoxybenzofuran-2-yl)- 
4 4^1imethyl-2.6.7-trioxabicyclo(3.2.0]heptane (Compound [37]) as a crude product. 
[01431 This compound was used for the test of chemiluminescent characteristics of the Test Example 4. 

35 (Reference Exanple 28) 
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40 
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so 



55 



[0145] In nitrogen atmosphere. 2.0 ml (5.34 mmol) of 21 % sodium ethoxide ethanol was 

THF dissolving 720 mg (2.67 mmol) of ethyl 3-chloro-5-methoxybenzothiophene-2-cait»xylate<Compound [38]) and 
the mixture was refluxed tor 4 hours. The mixture was added to the solution of saturated amrnonium *tor.de and 
extracted with ethyl acetate. The organic layer was washed with saturated aqueous solution o^^sodium chtorid^jhen 
5riS with magnesium sulfate anhydride and concentrated. The concentrate was applied to a 9^1 cdumn a^ the 
eliTon was carried out with the mixture of hexane and ethyl acetate ^^^J'^^^f^^;^ ^ 

(2.26 mmol) of ethyl 3-ethoxy-5-methoxybenzothiophen-2-cartxsxylate (Compound [39]). Yield 84.6 ^ 



35 
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melting point; 42 - 43°C (colorless needle crystal obtained by recrystallization from the mixture of hexane and ethyl 

iHNMR(400MHz. CDCI3); S 1.41(t J= 6.8 Hz. 3H). 1.48(t. J= 6.8 Hz. 3H). 3 89(s 3H) 4^7(q. J= 6 8 Hz. 2H). 
4.38(q, J» 6.8 Hz. 2H). 7.12(dd. J= 8.8 and 2.4 Hz. 1H). 7.24(d. J= 2.4 Hz. 1H). 7.60 (d J= 8.8 Hz. 1H) ppm 
IR (KBr); 2975, 1709. 1523. 1302. 1218, 1028 cm' 
Mass (m/z.%) ; 280 (M* 25). 206(100). 179(10), 150(7) 

(Reference Example 29) 



70 [0146] 



IS 



20 



MeO 



OEt 




(39) 



COOEt 



MeO 



OEt 




(40) 



COOH 



25 [0147] Under cooling with ice bath, 560 mg (10.0 mmol) of potassium hydroxide and 2 ml of pure water were added 
to 10 ml of methanol dissolving 1.00 g (3.57 mmol) of ethyl 3.ethoxy-5-methoxybenzothiophen.2-carbO)2j^ate (C^ 
pound [39]) and the mixture was stirred at a room temperature for 4 hours. The reaction mixture was added to 1 00 m 
of 1 N sulfuric acid, and extracted with ethyl acetate. The organic layer was washed with saturated aq^eof fo^"" f 
sodium chloride, then dried wrth magnesium sulfate anhydride and concentrated to obtain 850 mg (3.37 mmol) of 3- 

30 ethoxy-5-methoxybenzothiophen-2-cait30xylic acid (Compound [40]). Yield 94.5 % 

melting point 162-1640C (colorless granular crystal obtained by recrystallization from the mixture of hexane and 
6thvl acststG) 

iHNMR(400MHz. CDCI3); 5 1 .51{t. J= 6.8 Hz. 3H). 3.8S(s. 3H). 4.48(q. J= 6.8 Hz. 2H), 7.12(dd. J= 8.8 and 2.4 Hz, 
35 1 H). 7.23(d, J= 2.4Hz. 1 H). 7.65(d. J= 8.8Hz. 1 H) ppm 

IR (KBr); 2976. 2597. 1682. 1524. 1253. 1221. 1066 cm"^ 

Mass (m/z.%); 252 (M\ 25). 206(100). 180(69). 166(43). 151(32). 123(25) 
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(Reference Example 30) 
[0148] 



OB 



MeO 




COOH 




(40) 



(2) 
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(41) 



25 
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for 24 hours. The resultng m,xhire was add^ to J^^^^^ ^f sodium chloride, ther, dried with 

pale yellow oil. Yield 79.8 % 

1 H) 7 25 (d. J= 2.4 Hz. 1 H). 7.6T (d, J= 8.8 Hz. 1 H) ppm 
IR(iiquidfllm);3553. 2960. 1604, 1525. 1308. 1216,809cm 

Mass (rTV2.%) ; 394 (M* 1). 376(18). 252(17). 235(63). 206(100). 191(12). 180(29). 166(35). 151(21) 
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(Reference Example 31) 
[01501 



10 



MeO 



OEt 




15 
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(41) 
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[01511 In nitrogen atmosphere at a room temperature. 1.13 mg (5.25 mmd) of PCC and 2.50 g of CJrte were sus- 
oended with 20 ml of methylene chloride. Adding dropwise 15 ml of methyl chloride dissolving 1.38 9 (3-5p mmol) of 3- 
hvdroxy-2 2 4 4-tetramethylpentane-l-yl 3-ethoxy-5-methoxybenzothiophen-2-carboxylate (Compound [418 the rnix- 
Z^^s^ir^ for 24 hours Adding 2 mi of 2-propanol. the reaction mixture was stirred for 1 hour. Then adding OOm^ 
of ether the resulting mixture was filtrated by Celite and the filtrate was concentrated. The concentrate "^appUed to 
a Sel column and the elution was carried out wrth the mixture of hexane and ethyl ^^^^'^ ^^^^''^^^ ^"f^^ 
Z 10:1) to ot>tain 1.18g (3.01 mmol) of 2.2,4.4-tetramettiyl-3-oxopentane-1-yl 3-ethoxy-5.methoxyben20thiophen-2-car- 

boxylate (Compound [421) as a colorless oil. Yield 86.0%. 

1HNMR(400MHZ. CDCI3): 8 1.30(s. 9H). 1.38(s. 6H). 1.47 (t. J= 6.8 Hz. 3H). 3.88(s. 3H). 4.37(s. 2H). 4.39(q. J= 
68H2 2H).7.13(dd. J=8.8and2.4H2. 1H),7.23(d. J=2.4Hz. 1H). 7.57(d. J- 8.8 Hz. 1H)ppm 
IR (liquid film). 2972. 1711. 1524. 1469. 1307. 1215. 1061 cm"^ 
Mass (m/z.%) : 392 (M*. 46). 336(10). 235(100). 206(64). 
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(Reference Example 32) 
[0152] 
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roi 531 In nitrogen atmosphere, ur^er cooling with ice bath. 3.98 g (25.8 mmol) of titanium chloride ^.Med to 70 
^^of iHF a^Sie mixturTwas stirred for 15 minutes. Adding 480 mg (12.8 mmol) of alumin.um Irthium hydnde, the mix- 

ac'Se ??e or^Sefl^-i^S w^^^ saturated aqueous solution of sodium chloride then ^^ej -^f 
sSS^an^^r^S and concentrated. The concentrate (802 mg) was dissolved with 10ml <J metl^ene cWonde and 
^■fc nU/n mmon of PPTS then the mixture was stirred at a room temperature for 24 hours. The reaction mix- 

me'ht)Sr?othioph J^^^^^^ (Compound [431) as a pale yellow o.l. r.eld 53.9 ^ 

1HNMR(400MHZ. CDC.3): 6 1.15(S. 9H). 1.32(S. 6H). 1.41 (t J= 6^8 «^<«- f^^^^ ^">- 

6 8 Hz 2H) 6.97(dd. J= 8.8 and 2.4 Hz. 1H). 7.16(d. J= 2.4 Hz. 1H). 7.53(d. J= 8.8 Hz. 1H) ppm 

L"SS™):S;"^ 
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(Reference Example 33) 
[0154] 



10 



OEt 



OEt 



MeO 





IS 



(43) 



(44) 



[01551 In nitrogen atmosphere, under cooling with ice bath. 1 10 mg (2.75 mmol) of 60 % sal.um h^drrie was added 
« 0 3 0 ml of DMF Then, adding 0.3 ml (4. 1 mmol) of ethanethiol. the mixture was sdrred for 1 5 ^^^^^-/f^'^^J^ 
DMF dTssdving 341 mg (0.948 mmol) of 4-t W5-(3-ethoxy-5-methoxybenzothiophen-2-yl)-3.3^.m«^^^^ 
furan (Compound [43]). the mixture was refluxed for 3 hours. After cooling, the reaction mocture was added to sabira ed 
aaC^Xion of sodium chlorkJe and extracted with ethyl acetate. The organic layer was washed wrth saturated 
aquS^s so Sn of sodium chlorWe. then dried wrth magnesium sulfate anhydride and concentrated^ The concentrate 
2S was a^plieS to a silica gel column and the elution was carried out with the mixture of hexane arid ethyl acetate ^«ane 
S.r2Stn 5:1) to obtain 205 mg (0.592 mmoD of 4-t-butyi-5-(3-ethoxy-S-hydroxy benzoth.ophen-2-yl)-3.3<l.me. 
thyl-2.3-dihydrofuran (Compound [44]) as a pale yellow oil. Yield 62.4 %. 

1HNMR(400MH2. CDCI3): 8 1.15(S. 9H). 1.32(s. 6H). 1.39 (t, J= 6.8 Hz. 3H). 3.88(s 2H) 4.33(q. J= 6.8 Hz. 2H). 
30 4 78(8. 1 H). 6.89(dd. J« 8.8 and 2.4 Hz. 1 H). 7.1 4(d. J= 2.4 Hz 1 H). 7.51 (d. J= 8.8 Hz. 1 H) ppm 
IR (liquid film); 3396, 2957. 1685. 1602. 1SS9. 1448. 1260 cm"^ 
Mass (m/z.%): 346 (M* 44). 331(100). 287(18). 220(15). 193 (11) 



35 



(Reference Example 34) 
[0156] 



40 



45 



SO 



OEt 




t.Bu(Me)2SiO 



OEt 




55 



[0157] in nitrogen atmosphere, under cooling with ice bath, adding 0.2 ml (l .5 .f^/j^VlarrJ^ne t^^^ 
disMlving 190 mg (0.549 mmol) of 4-t-butyt-5-(3-ethoxy-5-hydroxybenzothiophen-2-yl)-3.3<l.methy|.2.3<l.hydiofuran 
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^mmoound r441) the mixture was stirred tor 15 minutes. Adding 1 50mg (1 .00 mmol)of t-butyldimetfiylchlorosilane the 
(Compound ^^»'\"^'^'^J^ tamoerature The resulting mixture was added to saturated aqueous solution 

2.3-dihydrofuran (Compound (45)). Yield 89.1 %. 

melting point 64-65-C (colorless granular crystal obtained by recrystallization from the mixture of hexane and ethyl 

CDCy: 5 0.21(S. 6H,. 1.00(S. 9H,. 1 .16(S^9H)^ .31(s. 6HM .9^= 6.8 3H,^3^87(s. 2H,. 
4.33(q. J= 6.8 Hz. 2H). 6.87(dd. J- 8.8 and 2.4 Hz IH). 7.14(d. J= 2.4 Hz. 1H). 7.49(d. J- 8.8 Hz. 1M) ppm 
IR (KBr)- 2957 2861. 1651. 1445, 1258. 1216 cm" 

Mass (ni/2.%): 460 (M* 37). 445(100). 401(20). 389(10). 285 (11). 73(15) 



IS 



(Example 6) 
[0158] 



so 



t-Bu(Mc)2SiO 



25 




OEt 

30 t-B«(Me)2SiO 



35 




40 



45 



SO 



,m eoi Artrtinn 1 ma Of TPP to 4 ml of methylene chloride dissolving 1 32 mg (0.286 mmol) of 4-t-butyl-5-(5-(t-butyld- 
compound. Yield 85.0%. 

melting point: loe-iorc (granular crystal) ^ aa^ i c a '^i-h i Afifs 6H^ 

"hNMR(400MHz. CDCI3); 5 0.23(3. 6H). 1 .00(s. 9H). 1 .13(s. 6H) 1 ,1 5(s. 3H) 1^^^.^^^^ Thz^h^^^^^^ 
4.09- 4 18 (m.2H).4.15(cuB.J= 8.3 Hz. 2H).6.92(dd.J= 8.8 and 2.4 Hz. lH).7.in (d.J=:2.4Hz. 1H)7.58(d. J 

8,8 Hz. lH)ppm 

IR (KBr); 2956. 1599. 1536. 1452. 1345. 1031. 840 cm" 
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(Reference Example 35) 
[0160] 



70 




OH 

(48) 



[0161] In nitrogen atmosphere, adding dropwise 15 ml of DMF dissolving 7.05 g (44.1 mmol) of 2.2.4.4.tetramethyl- 
25 1 .3-pentandiol (Compound [2]) to 80 ml of DMF suspended with 2.12 g (53.0 mmol) of 60 % sodium hydride over 30 
minutes, then the mixture was stirred for 30 minutes. After adding dropwise 15 ml of DMF dissolving 9.07 g (57.9 mmol) 
of 3-methoxybenzylchoride (Compound [47]) to the mixture over 30 minutes, the mixture was stinred for 12 hours. The 
reaction mixture was added to saturated aqueous solution of ammonium chloride and extracted with ethyl acetate. The 
organic layer was washed with saturated aqueous solution of sodium chloride, then dried with magnesium sulfate anhy- 
30 dride and concentrated. The concentrate was applied to a silica gel column and the elution was can-ied out with the mix- 
ture of hexane and ethyl acetate (hexane : ethyl acetate = 10:1) to obtain 10.7 g of 1-(3-methoxybenzyloxy)-2.2.4.4- 
tetramethyl-3i3entanol (Compound [48]) as a colorless oil. Yield 86.7 %. 

^HNMR(400MHz. CDCI3); 5 1.03(S. 9H). 1.04(s. 3H). 1.07(s. 3H). 3.23(d. J= 4.9 Hz. 1H). 3.25(d. J= 8.8 Hz. 1H). 
35 3.41 (d. J- 8.8 Hz. 1H). 3.43(d. J= 4.9 Hz. 1H). 3.81 (s. 3H). 4.48(s. 2H). 6.81 - 6.91 (m. 3H). 7.23 - 7.28 (m, IN) ppm 
IR (liquid film); 3502. 2954. 2870. 1489. 1457. 1267. 1080, 1053 cm"^ 
Mass (m/z.%) ; 280 (M*. 2), 135(31). 121(100). 107(8). 91 (9). 69(13). 55(14) 
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(Reference Example 36) 
[0162] 



10 



MeO 




15 



MeO 



20 



25 



30 



35 



r0163l in nitrogen atmosphere at a room temperature. 9,9 g of Celite and 4.61 g (16.5 mmol) of 1 -(S-methoxybenzy- 
oxv)-2 2 4 4-tetramethyl-3.pentanol (Conpound [48]) were added to 75 ml of dichloromethane and the "^^^ture was 
stirred ' After adding 4 26 g (19.7 mmol) of PCC and stirring for 7 hours. 800 mg (3.71 mmol) of PCC was added and 
then the reaction mixture was stirred over night. Adding ether to the reaction mixture, the resulting mixture was filtrated 
bv Celite and the f iltrate was concentrated. The concentrate was applied to a silica gel column and the elution wast^ar- 
ried out with the mixture of hexane and ethyl acetate (hexane:ethyl acetate = 1 0 :1 ) to obtain 4.32 g of 1 -(3-methoxyben- 
zyloxy)-2.2.4.4-tetramethyl-3-pentanon (Compound [49]) as a colorless compound. Yield 94.4 %. 

^HNMR(400MHz, CDCI3): 5 1 .23(S. 9H). 1 .28(s, 6H), 3.50(s. 2H). 3.80(s. 3H). 4.47(s. 2H). 6.78 - 6.88 (m. 3H). 7.23 
(t.J=8.1 Hz. lH)ppm 

IR (liquid film); 2959. 2870. 1658. 1480. 1466. 1458. 1267. 1 108. 1049 cm 
Mass (m/z.%) ; 278 (M* 100). 222(50). 121(31). 97(5). 55 (8) 

(Reference Example 37) 
[0164] 



40 



45 



MeO 



(49) 




(50) 



50 



55 



[01651 In nitrogen atmosphere. 1 .50 ml (1 1 .4 mnwl) of diisopropylamin and 6.60 ml (10.6 mmol) of 1 .6 M butytlithium 
hexane were added to 15 ml of THF anhydride at a room temperature, and the mixture was stirred for 30 minutes. Add- 
Irra 10 ml of THF dissolving 1 .48 g (5.32 mmol) of l.{3Hnethoxyt)en2yloxy)-2.2.4.4-tetramethy|.3-pentanon (Compound 
f491) at -78-C the mixture was stirred for 2 hours. The reaction mixture was stirred for 200 minutes with increasing ttie 
temperature to a room temperature gradually. The mixture was added to saturated aqueous solution of «odiumchlonde 
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and extracted with ethyl acetate. The organic layer was washed with saturated aqueous solution of s«liun; *lorkle^ 
fhVnSied with magnesium sulfate anhydride and concentrated. The concentrate was applied to a s. hca gel column and 
elon was caJied out with the mixture of hexane and ethyl acetate f xaneetl^acetate = 1 -2) to ot^ta^ 1 .30 g of 
3-t-butyl-3.hydroxy-2-(3-methoxyphenyl)-4.4Kfimethyl-2.3.4.5-tetrahydrofuran (Compound [SOJ). Yield 87.8 %. 

' melting point 83.0 - 83.5°C (colorless granular crystal obtained by recrystalfeatlon from heane and e*v« acetate) 
"hS&Hz. CDCI3); 8 0.90(broad s. 9H). 1.19(s. 3H), 1.39(s 3H) A-^^^s <^A^^ 
3.80(S. 3H). 5.00 (s. 1H).6.80(dd. J= 7.8 and 2.4 Hz. 1H). 7.10 (d. J= 2.4 Hz. 1H). 7.11 {d.J=7.8Hz. 1H).7.21<t 

jB7.8Hz.1H)ppm 
«■ IR ninuldfamV 3493 2962. 2881. 1591. 1481. 1278. 1070. 1048 cm 

LaSS': 278 ImM). 260(29). 245(100). 203(12). 189(45). 135(52). 121(10). 107(1 1). 77(9). 55(33) 

(Reference Example 38) 
15 [01661 



20 



25 



MeO 





MeO 



(50) 



(51) 



30 



35 



40 



45 



[01671 Adding 2.16 g (7.77 mmol) of 3-t-butyl-3-hydroxy-2-(3-methoxyphenyl)-4.4^.methyl-2.3.4.5-tetrahydro^^ 
JirnJoundYsOl) to the rrixture of 20 ml of THF and 2 ml of H^O. the mixture was stirred at the temper^ure of 0-a After 
add^S 1 54 g (8.65 mmol) of NBS. the mixture was stirred a/er night with inaeas-ng the temperatureto a room tem- 
pera^re gradually. 140 mg (0.787 mmol) of NBS was added and the mixture was stined for 6 hours The m,xture 
ai^ to sSu"at^ aqueous solution of sodium chloride and extracted with ethyl acetate. The organ|c layer was washed 
l^TfoSon oTsodium thiosuKate and a saturated aqueous solution of sodium chloride .n m« order, then <^|ed wrth 
Sine^um sulfate anhydride and concentrated. The concentrate was crystallized with the mocture of hexane and ethyl 
Se to obtSn 1 323 g of 2K4*romo-3<T,ethoxyphenyl)-3.tW3-hydroxy<4<Jimethyl-2.3.4.5-tetrahydrofuran 

(Compound [51]). Yield 47.7 % 

1HNMR(400MHZ. CDCb);S0.89(s. 9H). 1.20(S.3H). 1.38(S.3H). 1.92(s. 1H), 3.80(qAB. J=8.3Hz. 2H). 3.89(s. 3H). 
A oars IN) 7 02(dd J= 8.1 and 2.0 Hz. 1H). 7.12 (d.J= 2.0 HZ. 1H). 7.45 (d,J= 8.1Hz. 1H)ppm 
MaL^nl^f sS'il* 2.4). 356(M*. 2.i. 340(19). 338(20). 325(79). 323(84). 215(73). 213(67). 201(18). 
199(19). 109(10). 55(100) 
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{Reference Example 39) 
[0168] 



10 




MeO 



IS 



(51) 




MeO 



20 



2S 



nyl)-4-hydroxy-3.3^.methjJ^-2.3.4.5-trtrah^ i' p-toluenesulfonic acid hydrate, the mixture was 

anlooc rao' "SJ^LTTs^Z^t L reactton mixture was added to the ml^ureo. 

^!^f .tlfo ^ saLraTlTaqu^ sdution of sodium chloride and extracted. The organic layer was cashed wrth sat- 
^rSflS at^^s^Son S s^i^m chloride, then dried with magnesium sulfate anhydride and <»'^'^^"^^^^^^ 
«Se v^Sptd^lo a Silica gel column and the elution was carried out with the mixture of hexane a™« jJJ^etete 
?hCneXl1«Se = 2:1) to obtain 3.78 g (1 1 .2 mmol) of 4-t-buty|.5.(4-bromo-3-methoxyphenyl)-3.3Kl.methyl-2.3- 
dihydrofuran (Compound [52]) as a colorless oil. Yield 85 %. 

1HNMR(400MHZ. CDCI3): 8 1.06(8. 9H). 1.33(S. 6H). 3.87(s. 2H). 3.9(S. 3H). 6.79(dd. J= 7.9 and 1.6 Hz. 1H). 
« siOiri I- 1 6 Hz 1H). 7.49(d. J= 7.9 Hz, 1 H) ppm 

Ei-srsj-r-XeS- '"s^ 

170(3). 77(7). 55(67) 
35 (Reference Example 40) 



30 



[0170] 




so 



55 



'"x;:;:S^s Sour^^^^^^^^ acetate and saturated aqueous solution o« sodium chloride and. extracted. The 



45 



10 



IS 
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organic layer was washed with saturated aqueous solution of sodium chloride, dried with magnesium sulfate anhydride, 
ar^concentrated. This concentrate was applied to a silica gel column and the elution was carried out with the mixture 
of hexane and ethyl acetate (hexane : ethyl acetate = 1 :1) to obtain 0.21 g (0.68 mmol) of 4-t-butyl-5-(4-cartJoxy-3-meth- 
oxyphenyl)-3.3-dimethyl-2,3-dihydro«uran (Compound [53]) as white solid. Yield 38%. Recrystallization from the mixture 
of hexane and ethyl acetate gave white needle crystal. 

1HNMR(400MHZ, CDCI3); 8 1 .07(s. 9H), 1.35(s. 6H). 3.90(s. 2H). 4.09(s, 3H). 6.99(d. J= 1.3Hz. 1H). 7.11(dd. J= 
7.8 and 1.3 Hz. 1H). 8.15(d. J= 7.8 Hz. 1H) ppm 

IR (KBr)- 3570 2955. 2867. 2666, 1690. 1604, 1462, 1400. 1308. 1230. 1055. 1036. 864. 811 cm 
Mass (iiVz.%) ; 304(M*. 19). 289(100). 287(6). 179(41). 151(7). 136(4). 105(8). 77(7). 55(37) 

(Reference Example 41) 
[01721 



HOOC 



MeO 





30 

[01731 In nitrogen atmosphere at a room temperature. 203 mg (0.67 mmol) of 4-t-butyl-5-(4-carboxyl-3-methoxyphe- 
nyl)-3 3-dimethyl-2 3-dihydrofuran (Compound [531) was added to 3 mL. of anhydrous THF and the mixture was stirred 

35 for 10' minutes To this reaction mixture was added 0.18 mL (2.1 mmol) of morphoSne. and the mixture was stirred for 
another 2 hours This reaction mixture was poured in a mixture of ethyl acetate and saturated aqueous solution of 
sodium chloride and extracted. The organic layer was washed with saturated aqueous solution of sodium chlonde. dned 
with magnesium sulfate anhydride, and concentrated. The residue was applied to a silica gel column and the elution 
was carried out with the mixture of hexane and ethyl acetate (hexane : ethyl acetate = 1 :1) to obtain 1 92 mg <0.5l mmol) 

40 of 4-t-butyl-5-(3-methoxy4-(morpholinocarbonyl)phenyl)-3,3-dimethyl-2.3-dihydrofuran (Compound [54]) as colorless 

oil. Yield 77%. ^HNMR(400MH2. CDCI3): 6 1.06(s. 9H). 1.54(s. 6H) 3.20 - 3.25(m. 

2H). 3.53 - 3.60 (m. 2H). 3.73 -3.85(m. 6H). 3.88(s. 2H). 6.84(d. J» 1.3 Hz. 1H). 6.96(dd. J= 1.3 and 7.6 Hz, 1H). 
7.21 (d,J=7.6Hz. 1H)ppm 
43 IR (liquid film): 2958. 2863. 1738, 1639. 1604. 1460. 1433. 1245, 1 1 14. 1050. 1014. 833 cnf' 
Mass (m/z,%); 373(M*. 27). 358(100). 302(13). 287(10). 215(24). 187(4). 55(16) 



so 



ss 
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(Reference Example 42) 
[01741 




25 



30 



35 



r01751 in nitrogen atmosphere at a room temperature. 187 mg (0.54 mmoO o< 44-butyl-5-(3-methoxy-4-(morphohno- 
«Jbonyl)phenyl)-3.3-dimethyl-2.3-dihydrofuran (Compound [54]) was added to 3 mL of anhydrous DMF^ followed by 
S*ng foM Ominutes. To this mixture was added 0.26 mg (6. 1 mmol. 1 1 equivalent) of Irthium chlorKle. and the mixture 
was stirred at 165»C for 2 hours and. then, at 18S-C for 18 hours. After cooling to room temperature, the reaction mix- 
7^1 was poured in a mixture of ethyl acetate and saturated aqueous solution of sodium chloride and ectracted^ The 
oroanic layer was washed with saturated aqueous solution of sodium chloride, dried with magnesium sulfate anhydride 
concentrated The residue was applied to a silica gel colunm and the elution was carried out with the nrwxhjre of 
hSie aS^Sitiacetate (hexane : e^ acetate = 1 :1) to obtain 90.7 mg (0.25 mmol) of 4-t-butyl-5-(3-hydroxy-4-mor. 
pholinocart}onylphenyl)-3.3-dimethyl-2.3-dihydrof uran (Compound [55]) as white solid. Yield 50%. 

Melting point; 1 41 .0 to 1 41 .S'C (white granular crystals obtained by recrystallization from the mixture of methylene 



CmR(SSmS?CDGI3): 5 1.07(s. 9H). 1.32{s. 6H). 3.71 - 3. 78(m. 8H). 6.81(dd. J= 8.1 and 1.5 Hz. 1H). 6.98(d. 
J=1 5Hz. 1H), 7.19(d. Ja8.1 Hz. 1H)ppm 

IR (KBr)- 3428. 3083. 2958. 2925. 2857. 1598. 1473. 1414. 1308. 1259. 1115. 1018. 824 cm- 
Mass (itVz.%) : 359(M*. 23). 344(100). 288(32). 273(4). 201(33). 173(5). 1 19(10). 77(4). 55(19) 
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25 



30 



35 



r0177] To 5 mL Of methytene chloride were added 0.8 mg (1 .3 x lO-^mmol. 0.02 equivalent) of TPP and 28.3 mg (7.87 
X 10-2 mmol) of 4-t-butyl-5-(3-hydroxy-morpholinocarboxylphenyl)-3.3-dimethyl-2.3-dihydro*uran (Compound I^). and 
the mixture was stirred in an oxygen atmosphere at 0°C for 1 hour. This reaction mixture was then conceirlrated. Tlie 
residue was applied to a silica gel column and the elution was carried out with the mixture of hexane and ethyl acetate 
(hexane : ethyl acetate = 1 :1) to obtain 64.8 mg (6.5 x iQ-s mmol) of 5-t-butyl-1-(3-hydroxy-Mmorpholinocart)cnyl)phe- 
nyl)-4.4-dimethyl-2.6.7-trioxabicyclo[3.2.0]heptane (Compound [56]) as white solid. Yield 83%. 

Melting point: 1 14.5 to 1 1S.5»C (white needles crystal obtained by recrystallization from the mixture of methylene 

chloride and hexane) .cum i 

1HNMR(400MHZ. CDCI3): 8 1.01(S. 9H). 1.15(s. 3H). 1.37(S. 3H). 3.74(s. 8H). 3.82(d. J = 8.3Hz. 1H). 4.57(d. J= 
8.3Hz. 1H).7.15(dd.J«8.3and 1.5Hz. 1H).7.2S(d.J»8.3Hz.1H).7.29(d.J=1.5Hz.1H)ppm 
"CNMR(100MH2. CDCI3): 8 18.4. 25.0. 26.9. 36.8. 45.6. 46.2. 66.8. 76.7. 77.0. 77.3. 80.4. 105.3. 116.0, 117.4. 
118.5. 118.6. 127.7. 140.9. 158.8. 170.3 ppm 

IR (KBr): 3498. 3434. 2979. 2897, 2856. 1622. 1589. 1415. 1282. 1113. 1007 cm" 

Mass (m/z.%) ; 359(M*-32. 6). 344(4). 248(9). 234(27). 207(23). 151(4). 123(1 1). 86(8). 79(9). 77(1 1). 55(100) 



40 



45 



50 



55 



48 



EP 0 943 618 A2 

(Reference Example 43) 



[0178] 




20 



25 



30 



mm In nitrogen atmosphere at a room temperature. 1 46 mg (0.480 mmol) of 4-t.butyl-5-(carlDOxy-3-metiioxyphe- 
L^^l 3<lS.S^J?2 3-dihydrofuran (Compound (53]) was added to 3 mL of anhydrous THF. followed by addrt.on of 91 
m?'(0 ^ nZ) of^^^^^^^ the mixture was stirred for 80 minutes. This reaction -xtur« was pou^^ 

rsSedTqueous solution of sodium chloride and extracted with ethyl acetate. The extract was ^^^^fj-^h sju- 
rati aqS.us solution of sodium chloride, dried with magnesium sulfate anhydride, and ~ncentrat^ "^Z^Z 
tratlS applied to a silica gel column and the elution was carried out with the mixture of hexane and etj^ acetate 
(h^^ S acetate = 1 :i ) to obtain 1 04 mg of 4-t-butyi-5-({4-imidasol-1 -ylca,bonyl)-3-methoxyphenyl)-3.3<l.methyl- 
2.3-dihydrofuran (Compound [57]). Yield 61 .2%. 

1HNMR(CDCI3. 90MH2); 6 1 .09(S. 9H). 1 .36(s. 6H). 3.82(s. 3H). 3.92(s, 2H). 6.95 - 7.13(m. 3H). 7.37 - 7.50(m. 2H). 
7.87 (broad s. 1 H) ppm 



(Reference Exanrple 44) 

35 

[0180] 



40 



45 





SO 



(57) 



(58) 



55 



roiSIl In nitrogen atmosphere at a room temperature. 104 mg (0.308 mmol) of 4-t-butyl-5-((4-imklasol-i -ylcarbonyl)- 
So^^pheX^K^^^^^ (Compound [571). 51 mg (0.572 mmol) of 2.2-d.methylam.noethand 

and tS?^ (S mmol) of potassium cartx,nate were added to 2 mL of anhydrous DMF and the m,xture was strred 
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overnight This reaction mixture was poured in saturated aqueous solution of sodium chloride and extracted with ethyl 
acetate The extract was washed with saturated aqueous solution of sodium chloride, dried with magnesium sulfate 
anhydride and concentrated. In nitrogen atmosphere at a room temperature. 0.25 mL (3.09 mmol) of pyridine and 
0 090 mL (1 23 mmol) of thionyl chloride were serially added to solution of the concentrate obtained above in 2 mL of 

, anhydrous dichloromethane. and the mixture was stirred ovemight. This reaction mixture was poured in aqueous solu- 
tion of sodium hydrogen caibonate and extracted with ethyl acetate. The extract was washed with saturated aqueous 
solution of sodium chloride, dried with magnesium suHate anhydride, and concentrated. The concentrate was applied 
to a silica gel column and the elution was carried out with the mixture of hexane and ethyl acetate (hexane : ethyl ace- 
tate = 1:1) to obtain 25 mg of 4-t-butyl-5-(3-methoxy-4-(4.4-dimethyl-4.5-dihydrooxazol-1-yl)phenyl)-3.3-dimethyl-2.3- 

,0 dihydrofuran (Compound [58]) as coloriess oil. Yield 22.7%. 

iHNMR(400MHz, CDCI3): 6 1 .04(5. 9H). 1 .34(s. 6H). 1 .39(s. 6H). 3.89(s, 2H). 3.89(S. 3H), 4.09(S. 2H). 6.87(d. J = 
1.4Hz. 1H). 6.92(dd. J3 7.8 and 1.4Hz. 1H), 7.70(d. J= 7.8Hz. 1H) ppm 

IS ( Reference Example 45) 
[0182] 




35 [01831 In nitrogen atmosphere, 422 mg (1 .24 mmol) of 4.t-butyl-5-(3-methoxy-4-(4.4-dimethyl-4.5-dihydrooxasol-1 - 
yl)phenyl)-3 3-dimethyl-2.3-dihydrofuran (Compound [58]) and 522 mg (12.3 mmol) of lithium chloride were added to S 
mL of anhydrous DMF and the mixture was refluxed tot 2 hours. This reaction mixture was poured in water and 
extracted with ethyl acetate. The extract was washed with saturated aqueous solution of sodium chloride, dned with 
magnesium sulfate anhydride, and concentrated. The concentrate was applied to a silica gel column and the elution 

40 was carried out with the mixture of hexane and ethyl acetate (hexane : ethyl acetate = 1 2) to obtain 387 mg of 4-t-butyl- 
5-(3-hydroxy-4-(4.4-dimethyl-4,5-dihydrooxazol-i-yi)phenyl)-3.3-dimethyl-2.3-dihydrofuran (Compound [59]). Yield 

92.2%. 

Melting poinf 105.0 to 106.0'C (colorless granular crystals obtained by recrystallization from ethyl acetate) 
45 iHNMR(400MHz. CDGI3): 5 1 .06(S. 9H). 1 .32(s. 6H). 1 .39(s. 6H), 3.87(s. 2H). 4.09(s. 2H). 6.81<dd. J = 8.0 and 

1.5Hz. 1H). 6.96(d. J= I.SHz. 1H). 7.58(d. J- 8.0Hz. 1H). 12.18(broad s. 1H) ppm 
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[0184] 
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15 



(59) 



(60) 



20 



25 



30 



35 



rOiaSl In 15 mL of dichloromethane were dissolved 49 mg (0.14 mmol) of 4-t-butyl-5-(3-hydroxy-4-(4 4-dimethyl-4.5- 
dlhydrooxazol-1-yl)phenyl)-3.3^lmethyl-2.3^ihydrofuran (Compound [59]) and 1 mg of TPP. and the mixture was 
JZe^vZ oxygen atmosphere at -78»C. This reaction mixture was externally irradiated with a 940 W sod.um lamp for 
30 minutes, and then the resulting mixture was concentrated. The concentrate was applied to a silica coUjmn and 
the elution was carried out with dichloromethane and the mixture of dichloromethane and ethyl acetate (dichlorometh- 
ane X' acetate = 3:1) in that order. As a resutt. 50.2 mg o1 5-t-butyl-1 .(3.^droxy^<^.^v.^^y^^^f^y6roo^oi. 
1-yl)phenyl)-4.4-dimethyl-2.6.7-trioxabicyclo(3.2.0]heptane (Compound 160]) was obtained. Yield 93.6%. 

Melting point: 1 41 .5 to 1 43.0°C (colorless granular crystals obtained by recrystallization Iroj" "methanol) 
iHNI^R(CDCl3.400MHz); 8 1.00(s. 9H). 1 .15(s. 3H). 1.38(s. 3H). 1.41(s. 6H). 4.20(qAB. J=8.3H2 2H). 4.11(s. 2H). 
7 15(dd. J = 7.8 and 2.0Hz. 1H). 7.28(d. J= 2.0Hz. 1H). 7.64(d. J= 7.8Hz. 1H). ^ 2-21 (broad S.1H)ppm 
13CNMR(CDCI3. 100MHz): 8 18.4. 25.0. 26.9. 28.5. 36.8. 45.6. 67.3. 78.5. 80.4. 105.3. 1 1 1.7. 1 16.2. 116.9. 1 18.5. 
127.4. 141.0. 159.3. 163.1 ppm 

(Reference Example 46) 

[0186] 



40 



OMe 



OMe 



45 



(Ph)3PN 



MeO 





(7) 



(61) 



50 



55 



101871 In nitrogen atmosphere at 0=C. 6.0 mL (80.1 mmol) of ethanethiol was added to 75mLof OMF dissolving 2_82 
!ng (70.5 mmotTof 60% sodium hydride. Adding 6.49 g (11.5 mmol) of *+'^^'-5-<3;5<limemo)q.-4-tr^^^^^^^^^ 
rous.imlnophenyl)-3.3-dimethyl-2.3-dihydrofuran (Compound (7)). the mixture was refluxed for 2 hours at 160 a The 
mixture wass rdluxed for 2 hours at 180-C. This reaction mixture was poured in saturated aqueous soluton of ammo- 
nium chtoride and extracted with ethyl acetate. The extract was washed with saturated aqueoussoluton of sodium chlo- 



S1 



w 



10 
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ride dried with magnesium sulfate anhydride, and concentrated. The residue was applied to a silica gel column aixJ the 
iiSion was carried out with the mixture of hexane and ethyl acetate (hexane : ethyl acetate = 3: to provde 1 . 1 2g ^ 
?.ram^n.iSJdroxy-5-methoxyphenyl)-4-t-^^^^ (Compound [61]) as a yellow needle 

crystal. Yield 33.5%. 

^'hNMRiCm'^^^^ 9H).1.31(s. 6H). 3.50-3.80(Br. 2H). 3.84(s. 3H). 3.84(s. 2H). 4.60-5.10 (8r. 1H). 

6.40 (S. 2H) ppm 

IR(KBr); 3391.3360.2953.1650,1602.1342.1074 cm"' 
(Reference Example 47) 



[0188] 




30 



35 



40 



[01891 To 1 .00 mL (5.82 mmol) of trimethyl orthobenzoate was added 204 mg (0.70 mmol) of 
S-methoxyphenyl)^-tW-3.3<limet^^^^ (Compound [61]). and the '^^^^^f/^'^^f J^^^^^ 

atTS^C ?o this reaction mixture. 2.0 ml of ethyl acetate, and 0.2 ml of H^O. and 10.1 mg (0^5 mmol) o^T^O^ H^O 
was added and the mixture was refluxed for 1 hours at 97«C. The resulting mixture was poured in fJJ^^^ J^^^^^^ 
^duton of sodium hydrogencarlDonate and extracted with ethyl acetate. The organic layer was ^^^^^"^^^^^^ 
Sue^us solution of sodium chloride, dried with magnesium sulfate anhydride, and concentrated The esdue was 
to a Sica gel column and the elution was carried out with the mixture of hexane and etfjyl acetate (h^^^^^^ 
STceite I S:1) to obtain 207 mg of 4.t^utyl-5.(4-methoxy.2.phenylbenzo[d]oxa20l^-yl)-3.^ 
furan (Compound [62]). Yield 78.4%. 

Melting point: 68.5»C - 69.0oC (colorless needle crystal obtained by recrystallization from hexane) 
1HNMR(400MHZ CDCI3); 5 1.09(S. 9H). 1.37 (s. 6H). 3.92 (s. 2H). 4.07 (s. 3H). 6.75 (d. J = 1 .0 Hz. 1H). 7.1 7(d. J 
= 1.0Hz, 1H). 7.50-7.52(m. 3H). 8.27-8.30(m. 2H) ppm 
I R (KBr) ; 2953. 1 61 4. 1 486. 1 272.1 1 1 5 cm*^ 
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(Reference Example 48) 
[0190] 
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10 



15 



OMe 





(62) 



(63) 



[01911 in nitrogen atmosphere at 0-C. 0.25 mL of ethanethiol was added to 3 mL °* ^MF dissoMng 104 mg (2^6 
^ Z^l of 60% sSium hydride Adding 505 mg (1 .3 mmd) of 4-t-butyl-5-(4-methoxy-2-phenylben2o(dloxazol-6-yl)-3.3- 

Tur^ n i^re water and ext^ wilk ethyl acetate. The organic layer was washed with saturated aqueous ^'^on 
S^sS^um Chloride, dried with magnesium sulfate anhydride, and concentrated. The concentrate was app^^^ to a sd «^ 
aefSumn and the elution was carried out with the mixture of hexane and ethyl acetate (hexane j ettiyl acetete - 5.1^ 
2S ?o obtein 4% mg of 44^x.tyl-5-{4-hydroxy-2i5henylbenzo[d]oxazol-6-yl)-3.3HJimethyl-2.3<l.h^^^ (Compound 

[63]). Yield 82.8%. 

Melting point: 160.5-C-161.1-C (colorless needle micro-crystal obtained by recrystallization from hexane) 
iHNMRfwOMHz. CDGI3): 8 1.09(s. 9H). 1.36 (s. 6H). 3.90 (s. 2H). 6.86 (broad s. 1H). 7.12 (d. J - I.OH2. 1H). 
30 7.18(S.1H), 7.49-7.53(m. 3H). 8.19-8.21(m. 2H) ppm 
IR (KBr); 3065.2961.1619.1481.1312.1056 cm"' 

(Example 9) 
35 [01921 



40 



45 




OH 




(63) 



(64) 



SO 



[01931 To 1 5 mL of methylene chloride were added 1 .0 mg of TPP and 1 56 mg (0.43 mmol) of *-»-*V"*y'-5;<*:^^dro^ 
2<.henvlb^zo[dloxa2ol.6-yl)-3.3-dimethyU (Compound (63J). and the mixture was externally irradiated 

SS. a 94?^ sS^m lamp in an oxygenatmosphere for 30 minutes, then concentrated. The concentrate was appj«^ 
^ iic^ gd cXn and me elutior; Jlras carried out with the mixture of hexane arKi ethyl acetate <^^^;^^^^Z^l 
lo owS 3 mg of 5-t-butyM -(4-hydroxy.21,henylbenzcldloxa20l■6-yl)-^.4^imet^^ 

(Compound (641) as colorless granular crystal. Yield 85.1%. 
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iHNMR(400MHz. CDCI3); 8 1.03(s.9H). 1.18{s, 3H), 1.42{s. 3H). 4.23 (Qab. J=8.5Hz. 2H). 6.77(s. 1H). 7.16(d. 
J=1.5H2. 1H). 7.S1-7.56(m. 4H). 8.20-8.23 (m. 2H) ppm 
IR (KBr): 3395.2967.1619.1489.1319.1279.1112cm-^ 

5 (Reference Example 49) 
[0194] 



to 




25 



30 



35 



[01 95] In nitrogen atmosphere at a room temperature, adding 43 mg (0.63 mmol) of imidazole and 64 mg (0.42 mmo ) 
of TBDMSCI to 2 0 ml of DMF dissolving 102 mg (0.28 mmol) of 4-t-butyl-S-(4-hydroxy-2-phenylben20td]oxazol-6-yl)- 
3 s-dimethyl- 2.3-dihydrofuran (Compound [63]). the mixture was stirred for 2 hours. The mixture was added to satu- 
rated aqueous solution of sodium chloride and extracted with ethyl acetate. The organic layer was washed with satu- 
rated aqueous solution of sodium chloride, then dried with magnesium sulfate anhydride and concentrated. Tlie 
concentrate was applied to a silica gel column and the elution was carried out with the mixture of hexane and ethyl ace- 
tate (hexane • ethyl acetate = 7:1) to obtain 108 mg of 4-t-butyl-5-[4-(t-butyldimethylsiloxy)-2-phenylbenzo[d]oxazol-6- 



yl]-3,3-dimethyl-2.3-dihydrofuran (Compound [65]) as a colorless oil. Yield 80.6 



% 



iHNMR(400MHz. CDCI3): 8 0.32 (s. 6H). 1.07 (s. 9H). 1.35 (s. 6H). 3.90(s. 2H). 6.75 (d. J= 1.5 Hz. 1H). 7.14 (d, 
J=1 5 Hz. 1H). 7.50-7.51 (m. 3H). 8.22-8.24 (m. 2H) ppm 

13CNMR(100MHZ. CDCI3); 8 -45. 18.5. 25.8. 27.4. 31.3. 32.5. 47.2. 76.7. 77.0. 77.3. 83.2. 105.5. 115.4. 117.8. 
125.9. 127.4. 127.5. 128.8. 131.2. 133.6. 134.1. 147.1. 149.5. 151.9. 161.9 ppm 
IR (liquid film). 2954. 1616. 1481. 1274, 1103. 843 cm"^ 



(Example 10) 



40 [0196] 



45 



SO 
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(65) 



(66) 



55 



[01 97] Adding 1 mg of TPP and 27.9 mg (0.058 mmol) of 4-t-butyl-5-[4-(t-butyldimethylsiloxy)-2-phenylbenzo[dloxa- 
zol-6-yn-3.3-dimethyl-2.3-dihydrofuran (Compound [651) to 5 nril of methylene chloride, the mixture was externally im- 
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tated with a 940 W sodium lamp for 30 minutes in oxygen atmosphere. After concentrated, the resultiig mixture was 
applied to a silica gel column and the elution was carried out the mixture of hexane and ettryl acet^e ^e^^ne^ ettiyl 
^e^te - 15:1) to obtain 25.3 mg of 5-t-butyl-1-t4-(t-butyldimethylsiloxy)-2-phenyibenzold]oxazol-6-yl]-4.4<l.methyl- 
2.6.7-trioxabicycloI3.2.0]heptane (Compound [66]) as a purple oil. Yield 85.1 %. 

'HNMR(400MHz. CDCI3): 8 0.31 (s, 3H). 0.32 (S. 3H). 1.02 (S. 9H). 1.07 (S. 9H). '•■IS (S. 3H) 1.41 (s. 3H), 4.23 
(3= 8.2 Hz. 2H). 7.10 (broad s. 1 H). 7.51 (d. J=2.0 Hz. 1 H). 7.52-7.53 (m. 3H). 8.23-8.25 (m. 2H) ppm 
IR (liquid film); 2958. 1618. 1489. 1318. 1280. 1 108. 843 cm"^ 



10 (Reference Exarrple 50) 




101991 in nitrogen atmosphere at a room temperature, to 310 mg (1.46 mmol) of trimethyl ^^^'^ -'"^''^'^^ 
l^s aLtei 1m?Sf ethyleneurea dissolving 133 mg (0.48 mmol) of 5-(4-amino-3.5-dihydrophenyl)-4.t-buJrl-3.3KJ.m^^^^ 
30 2 3-dl^ofUran (Compound [8]). and the mixture was heated for 1 .0 hours at 1 50'C. The resultng mixture was poured 
fn sSS^queousT,lution of sodium chloride and extracted with ethyl acetate. The organic layer was wash^w-m 

«,u2ous solution of sodium chloride, dried with magnesium sulfate anhydride, and 
^sTSSto a silica gel column and the elution was carried out with the mixture of hexane and ethyl acetate (hexane 
SSetete = 31 ). and then fbllowed by recrystallization from the mixture of methylene chloride and hexane to obtam 
35 iSm^of 4-t-b^-5-(4-hydroxy^ 

[67]) as a colorless granular micro-crystal. Yield 81 .9%. 

iHNMR(400MH2. CDCIa): 8 1.08(s. 9H). 1 .35 (S. 6H). 3.89 (s. 6H). 6.49 (S. 1H). 6.82(S. 1H). 7.02(d. J=8,8H2. 2H). 
7.08{s. 1H). 8.14(d. J=8.8Hz,2H) ppm 
40 IR (KBr); 2295.2958.1615.1497.1314.1261,1085 cm*^ 
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[0201] To 5 mL of methylene chloride were added 1 .0 mg of TPP and 95.1 mg (0.24 mmol) of 4.t-butyl-5-(4.hydroxy- 
2-(p-niethoxyphenyl)benzold]oxazol-6-yl)-3.3-dimethyl-2.3-dihydrofuran (Compound [67]). and the mixture was exter- 
nally irradiated with a 940 W sodium lamp in an oxygen atmosphere for 30 minutes. After the resulting mixture <a«s con- 
centrated, the concentrate was applied to a silica gel column and the elution was carried out with the mixture of hexane 
c and ethyl acetate (hexane : ethyl acetate = 3:1). and then followed by recrystallisation from the mixture niettiylene 
chloride and hexane to obtain 95.8 mg of 5-t-butyl-1 K4^iydroxy-2-(p-methoxyphenyl)ben20{d]oxazol-6-ylH.4-d'me- 
thyl-2.6.7-trioxabicydo[3.2.0]heptane (Compound (68J) as colorless granular micro-crystal. Yield 93.1%. 

'HNMR(400MHz CDCb): 5 1 .03(s, 9H). 1.18(s. 3H). 1 .41(s, 3H), 4.20(qAB. J=8.3Hz. 2H). 3.89(s. 3H). 6.99-7.03(m. 
10 2H). 7.02(d.J=1.0Hz.1H). 7.40(s.1H), 7.49(d.J=1.0Hz.1H). 8.13-8.16(m.2H) ppm 
IR(KBr); 3419.2968.1614.1498,1314.1258.1092 cm'^ 



(Reference Example 51) 



75 [0202] 




30 



35 



40 



[02031 In nitrogen atmosphere at a room temperature. 3.38 g (9.96 mmol) of 4-t-butyl-5-(4.bromo-3.5-methoxyphe- 
nyl)-3 3-dimethyl-2,3-dihydrofuran (Compound [52]) was added to 30 ml of THF. and the mixture was strred for 10 rnin- 
utes at -78»C Tlien adding 1 .4 ml (1 1.3 mmol) of N-methyUomrianilide, and the mixture was stirred for 1 hours and then 
added dropwise a little amount of HgO to finish the reaction. The resulting mixture was poured in 1 N hydrogen chloride 
and extracted with ethyl acetate twice. The organic layer was washed with saturated aqueous solution of sodium hydro- 
cartjonate and then with saturated aqueous solution of sodium chloride, dried with magnesium sufete anhydride, and 
concentrated The residue was applied to a silica gel column and the elution was carried out with the mixture of hexarie 
and ethyl acetate (hexane : ethyl acetate = 4:1) to obtain 1 .94 g (6.73 mmol) of 4-t-butyl-5-(4-fomfiyl-3-methoxyphenyl)- 
3.3-dimethyl-2.3-dihydrofuran (Compound [69]) as a pale yellow oil. Yield 65.6%. 

1 HNMR(400MHz. CDCI3): 6 1 .07(s. 9H), 1 .35(S. 6H). 3.90(S. 3H). 3.94 (S. 2H). 6.92(d. J=1 .5H2.1 H). 6.99(dd. J=7.8 

and 1 .5HZ.1H). 7.79(d. J=7.8Hz.1 H). 10.45(s. 1H) ppm 

IR (liquid fim); 2957.2866.1685.1601.1567.1464.1405. 1314.1230.1053 cm" 

Mass (mte.%) ; 288(M*. 26). 273(100). 217(39). 163(37). 135(16) 
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(Reference Example 52) 
[0204] 



10 




MeO 




75 



(69) 



(70) 
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ro20S1 In nitrogen atmosphere at a room temperature. 2.53 g (59.7 mmol) of lithium chloride was added to DMF d.s- 
?n 1 7 o^^sT mn^h^af 4-t-buty|.5-(4.formyl-3-metf^ (Compound (69]) 

V^Z]^l!Z^l^tor\o^^ 177c. The resulting mixture was poured in saturated aqueous solution of 
l^^^ chlSde aS S"aSd with ethyl acetate twice. The organic layer was washed with saturated aqueous soluton 
7^:^:Zfc:^::^^T^ ^oeJU sulfate anMnde. arj "^^J^^ ^^^^^^^^^^^ 

?o^s:.%rg;%^:^^^^ 

as a colorless needle crystal. Yield 79.8%. 

1HNMR(400MH2. CDCI3): 8 1.07(s. 9H). 1.33 (s. 6H). 2.63 (s. 3H). 3.88(s. 2H). 6.8S(dd.J=8.3 and 1.5H2.1H). 
6 94(d. J=1.5Hz.1H). 7.69(d. J-8.3Hz.1H). 12.24{S.1H) ppm 

IR^KBr)- 3194. 2955. 2864. 1669. 1616. 1557. 1461. 1383. 1300, 1180. 1055 821 cm 
Mass (m/z.%) : 274(M*. 24). 259(100). 203(44), 149(38). 121(1 1).77(5).56(16) 

(Reference Example 53) 
[0206] 




H 



HO-N 




(70) 



(71) 



SO 



55 



[0207] At a room temperature. 255 mg (3.04 mmoO of sodium hydrogencart)or^te and 209 .rj f^O^'"^') 
ytemine hydrochloride were added to 6.00 ml of ethanol dissolving 545 mg (1.99 """^^ °^ 

SrWe aS"con«iitrated. The residue was applied to a silica gel column and the elut.on was earned out wth the 
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mixture of hexane and ethyl acetate (hexane : ethyt acetate = 5:1) to obtain 520 mg (1.80 mmol) of *-tW5^3- 
ITyJroxy-d -hydroxyiminomettvOphenya-3.3KJ.methyI-2.3KShydr^^^^ (Compound (71)) as a colorless granular crystal. 

Yield 90.5%. 

1HNMR(400MH2. CDCI3): 8 1.07(s. 9H). 1.33{s. 6H). 3.87 (s. 2H). 6.84-6.89(m.1H). 6.92-6.97{m.1H). 7.14<s. 

^scrpS^^ -i-^. 

156.7 ppin 1 
IR (KBr); 3352. 2963. 2871. 1621. 1560. 1467. 1365. 1200. 1042. 996. 821 cm*^ 

(Example 12) 
[0208] 



15 



20 



HO-N 
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HO 



HO-N 




(72) 
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[0209] In oxygen atmosphere at O'C. to 5 mL of methylene chloride dissolving <0-l57 mmol) of ^-t-butyl^S- 

3-hydroxy-(1-hydroxyiminomethyi)phenyl]-3.3-dimethy|.2.3-dihydrofuran (Compound (711) v^s added 2-1 mg (3.42 x 
10 3 mS of ^PP. and the mixtu e was externally .rradlated with a 940 W sodium lamp and shrred fw 1 hours. Afte^ 
the rSSg nLu;e was concentrated, the concentrate was applied to a silica gel column and 
out wrth the mixture of hexane and ethyl acetate (hexane : ethyl acetate » 5:1) ^ obtain 47.6 mg (0;l*f "^^i rSi 
butyl-1 .[3.hydroxy-4-(i-hydroxyiminomethyl)phenyll-4.4-dimethyl-2.6.7-trioxabicyclo[32.01heptane {Compound [72]) 

as colorless granular crystal. Yield 94.3%. 

1HNMR(400MHZ. CDCI3): 8 1.01(S. 9H). 1.15(s. 3H). 1.37(s. 3H). 3.82(d.J=8.6H2.1H). 4.58(d.J=8.6H2.1H). 7.19- 

7.23(m.3H), 7.24-7.27(m.1 H). 8.24(s.1H). 9.76(s.1 H) ppm 

IR(KBr): 3415. 2971. 1623. 1566. 1467. 1373. 1200. 1033. 1002. 819 cm 

(Reference Example 54) 
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3.3 Ji™th,l-2.3<liM'0luon (Compound (681) »as a«ed = "I'" ^^jj^^J^.^ powed in saturated aque- 
etnw »as added at -TS-O. and <h, l^,T,IJiTe X^te «as washed with saturated 

„„s solution 0. sodiunt cMo-ide and ««f^-r»L*^J°^^ The residue was 

dihydrofuran (Compound t73D as a colorless needle crystal, r.eld 87.8%. 
(Reference Exanple 55) 
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^ . . /CO Q r«mrth mananesefnnoxide was added to 1 0 ml of benzene dissolving 
(Compound [74]) as a colorless oil. Yield 85.6%. 

1HNMR(400MHZ. CDCI3); 8 1.07(^ 9H). 1.34(S. 6H). 2.61 (d. J=4.9Hz. 1H). 3.90(S. 2H). 3.92(3. 3H). 6.89(d. J=1.3 

Hz 1 H) 6 9S(dd. J= 7.8 and 1 .3 Hz. 1 H). 7.70(d. J« 7.8 Hz. 1 H) ppm 

Tr (il film . 2457. 2868. 1676. 1600. 1464. 1401. /^f ^. 1^ 105^ 833^^^^^^^ 

Mass (m/z.%) ; 302 (M*. 27). 287(100). 231(40). 203(14). 177(78). 149(9). 135(6).. 55(48) 



50 



55 



59 



EP0 943 618 A2 



(Reference Example 56) 
[0214] 




MeO 




15 



(75) 



[021 5] In nitrogen atmosphere at a room temperature. 214 mg (5.0S mmol) of lithium chloride was added to 1 .5 ml of 
20 DMF dissolving 152 mg (0.503 mmol) of 5-(4.acethyl-3-methoxyphenyl)-4-t-butyl-3.3<limethyl-2.3-dihydrofuran (Com- 
pound [74]) and the mixture was ref luxed for 6.5 hours at 1 70*'C. The resulting mixture was poured in saturated aque- 
ous solution of sodium chloride and extracted with ethyl acetate twice. The organic layer was washed with saturated 
aqueous solution of sodium chloride, dried with magnesium sulfate anhydride, and concentrated. The residue was 
applied to a silica gel column and the elution was carried out with the mixture of hexane and ethyl acetate (hexane : 
25 ethyl acetate = 4:1) to obtain 113 mg (0.392 mmol) of 5-(4-acetyl-3-hydroxyphenyl).4-t-butyl-3.3Kjimethyl-2.3-dihydro- 
furan (Compound [751) as a brown oil. Yield 77.6%. 

iHNMR(400MH2. CDCI3): 5 1.07(s. 9H). 1.33 (s. 6H). 2.63 (s. 3H). 3.88(s. 2H). 6.85(dd.J=8.3 and I.SHz.lH). 
6.94(d. J=:1.5Hz.1H). 7.69(d. J«8.3Hz. 1H), 12.24(s.1H) ppm 
30 IR (liquid film); 3257. 2957. 2826. 1641 . 1469. 1366. 1178. 1053, 800 cm'^ 

Mass (m/z.%) ; 288(M^ 23). 273(100). 257(8). 231(7). 217(51). 201(6). 163(67). 135(8). 55(56) 

(Reference Example 57) 
35 [0216] 



40 



45 




HO-N 




so 



55 



[0217] At a room temperature. 49.3 mg (0.587 mnrujl) of sodium hydrogencart)onate and 42.0 mg (0.604 mmol) of 
hydroxylamine hydrochloride were added to 7.00 ml of ethanol dissolving 1 13 mg (0.392 mmol) of 5-(4-acetyl-3-hydrox. 
yphenyl)-4-t-butyl 3.3Kjimethyl-2.3<fihydrofuran (Compound [75]). and the mixture was refhixed at 100»C for 1 hour. 
Then adding 13.7 mg (0.197 mmol) of hydroxylamine hydrochloride, the mixture was ref luxed for 15 minutes. The result- 
ing mixture was poured In saturated aqueous solution of sodium chloride and extracted with ethyl acetate twice. The 
organic layer was washed with saturated aqueous solution of sodium chloride, dried with magnesium sulfate anhydride, 
and concentrated. The residue was applied to a silica gel column and the elution was carried out with the mixture of 
hexane and ethyl acetate (hexane : ethyl acetate = 5:1) to obtain 98.1 mg (0.323 mmol) of 4-t-butyl-5-t3-hydroxy-(l- 
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hydroxyiminoethyl)phenyn-3.3-dimethyl-2.3-dihydrofuran (Compound [76]) as a cotorless needle crystal. Yield 82.5%. 

iHNMR(400MHz. CDCI3): 8 1.07(s. 9H). 1.33(s. 6H). 2.35 (s. 3H). 3.87(s.2H), 6.84(dd. J=8.3 and 
15HzlH).6.92(d.J=1.5Hz.1H).7.24(s.1H).7.39(d.J=8.3H2.1H).11.11(s. lH)ppm 

«CNMR(100MHz. CDCI3): 8 10.8. 27.3. 32.5. 32.5. 47.2. 83.2. 118.3. 118.9. 120.9. 126.2. 127.1. 138.5. 149.0. 
157.0, 159.1 ppm 

IR (KBr); 3316. 2955. 2723. 1618. 1559. 1465. 1176. 1041. 813 cm" 



(Example 13) 
[02181 




zs 



30 



3S 



[021 91 In oxygen atmosphere at 0°C, to 5 mL of methylene chloride dissolving 96.8 mg (0-319 mnwO of *-t W5- 
3-hydroxy-(1 -hydroxylminoethyl)phenyn-3.3<fimethyl-2.3<lihydrofuran (Compound U6]) was added 1.5 mg (2.44 x 10 
3 mS)d TPp'and ttie mixture was externally irradiated with a 940 W sodium lamp and st^ed for 1 hours. Afte^ the 
rSng mixture was concentrated, the concentrate was applied to a silica gel column and the eUrtion v«s <^5;ed out 
^IVmixture of hexane and ethyl acetate (hexane : ethyl acetate = 5:1) to obtain 92.0 mg (0.274 mmol) of 5+butyl- 
1-[3-hydioxy-4-(1-hydroxyiminomethyl)phenyn-4.4-dimethyl-2.6.7-trioxabicyclo[3.2.01heptane (Compound [771) as 

colorless needle crystal. Yield 85.9%. 

iHNMR(400MHz CDCI3): 8 1.01(s. 9H). 1.1S(S. 3H). 1.37(s. 3H). 2.37(S. 3H). 3.82(d.J=8.1 Hz.1H). 4.58(d,J=8.1 
Hz 1 H) ^Tsidd^^^^^^ 

"CNMR(S^ CDCI3): 5 10.9. 18.5. 25.0. 26.9. 36.8. 45.6. 80.3. 105.2. 116.3. 117.5. 119.1. 119.4. 127.2. 



138.5. 157.1. 159.2 ppm „„ -i 

40 IR(KBr); 3377. 2978. 2897. 1623. 1570. 1476. 1390. 1218. 1117. 1004. 871 cm 



(Reference Example 58) 
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f0221 1 In nitrogen atmosphere at a room tenperature. 2.05 g (6.04 mmol) of 4.t.butyl-5-{4-bromo-3.5-(nettiOJVPhe- 
n¥l).3 3-dimethyl-2.3-<lihydrofuran (Compound [52]) was added to 20 mL of THF and the mixture was stirred for 25 min- 
utes at -78»C To this reaction mixture was added 4.2 mL (6.72 mmol) of i .6M butyilithium in hexane. and the mixture 
was stirred for 25 minutes. Adding 0.80 ml (7.87 mmol) of benzaldehyde. the mixture was stirred for 1 hours and then 
added dropwise a little amount of HaO to finish the reaction. This reaction mixture was poured in saturated aqueous 
solution of sodium chloride and extracted with ethyl acetate twice. The organic layer was washed with saturated aque- 
ous solution of sodium chloride, dried with magnesium sulfate anhydride, and concentrated. This concentrate was 
aoDlied to a silica gel column and the elutlon was carried out with the nr«xture of hexane and ethyl acetate (hexane : 
eaiyl acetate = 4:1) to obtain 1 .49 g (4.07 mmol) of 4-t-butyl-5-l4-(l -hydroxybenzyl)-3-methoxyphenya-3.3-dimethy-2.3- 
dihydrofuran (Compound (781) as a colorless oil. Yield 67.49%. 

1HNMR(400MHZ CDCI3): 5 1.06(S. 9H). 1.33(s. 6H). 2.96(d, J= S.9Hz, 1H). 3.80(S. 3H). 3.87(s. 2H). 6.03(d. J= 
5 9Hz. 1 H). 6.80(d. J= 1 .5Hz. 1 H). 6.90(dd, J= 7.8 and 1 .5 Hz, 6H), 7. 1 8-7.38(m.6H) ppm 
IR (liquid film): 3445. 2956. 1651. 1604. 1459. 1401. 1230. 1048. 794 cm"^ 

(Reference Example 59) 
[0222] 
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[02231 At a room temperature. 7.73 g (88.9 mmol) of maganese(IV)oxide was added to 1 5 ml of benzene dissolving 
1 31 a (3 57 mmol) of 4-t-butyi-5-[4-(1-hydroxyben2yt)-3-methoxyphenyO-3.3-dimethyl-2.3-dihydrofuran (Compound 
1781) arxl the mixture was stirred tor 6 hours. The resulting mixture was filtrated by Celite and the filtrate was concen- 
trated The concentrate was applied to a silica gel column and the elution was carried out with the mixture of hexane 
and ethyl acetate (hexane.ethyl acetate = 4:1 ) to obtain 1 .05 g (2.88 mmol) of 5-(4-benzayl-3-methoxyphenyO-4-t-butyl- 
3.3-dimethyt-2.3-dihydrofuran (Compound [791) as a colorless oil. Yield 80.7%. 

1 HNMR(400IWlHz. CDCI3): 8 1 .01(S, 9H), 1 .36(S. 6H), 3.73(S, 3H). 3.92(s, 2H). 6.92(d. J=1 .1 Hz. 1 H). 7.00(dd. J=7.7 
and 1 .1 Hz, 1 H), 7.32(d, J= 7.7Hz. 1 H). 7.42(t. J= 7.8 Hz. 2H). 7.55(t with fine coupling. J= 7.8. 1 H). 7.80(dd. J- 7.8 
and 1 .5 Hz. 2H) ppm 

IR (KBr): 2957. 2871. 1657. 1600. 1455. 1399. 1250. 1178. 1048. 836cm-' 



so 
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f022Sl in nitroaen atmosphere at a room temperature, 1 .06 g (25.0 mmol) of lithium chloride was added to 10 mL of 
SisJSlvJTsJa (?48 mmol) of 5-(4*enzoyi-3.methoxypheny.)-4-t-butyl-3.3.1imethy|.2.3<l.hydro^^^^^^ 

pound^). and the Sture was relluxed at 170-C for 26.5 hours. The reaction mixture -^«P°"^«* '"J^^^/.^^L^^^ 
S^s soSn of sodium chloride and extracted with ethyl acetate twice. The organic layer was washed wrth saturated 
aque^fsol^orci sodium chloride, dried with magnesium sulfate anhydride, and concentrated The residue was 
aS to a gel column and the elation was carried out with the mixture of hexane and ethyl ^^^f^^^J^^^^ 
X\^c^aXe = Z)Xo obtain 843 mg (2.41 mmol) of 5-(443enzoyl-3-hydroxyphenyO-4-t.butyl-3.3<l.methyl-2.3-d.hydro- 

furan (Conpound [80]) as a pale yettow oil. Yield 97.2%. 

iHNMR(400MHz. CDCI3); 6 1.09(s. 9H). 1.34(s. 6H). 3.89 (s. 2H). 6.82(dd. J= 8.1 and 1.6 Hz. 1H). 7.04(d. J=1.6 
Hz 1H) 7 46-7.61(m,4H). 7.68(d with fine coupling. J=7.68Hz. 1H). 12.01 (s, 1H) ppm 
IR (liquid film); 3230. 2958. 2868. 1626. 1575. 1492. 1335. 1221. 1177. 1052. 703 cm 



(Reference Example 61) 



35 [0226] 
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roMTl At a room temperature 248 mg (2.95 mmoO of sodium hydrogencarbonate and 203 mg <2.92 mmol) of hydrox- 
Se ^^hSr^ were added to 1.5 ml of ethanol dissolving 673 mg (1 .92 mmoj °* ^<**--^:^^^^^^^^ 
nyl)-4.t-b4l-3.3-dimethyl-2.3<lihydrofuran (Compound [80]). and the '"''rture vras ret luxed for IM m.^^^ 
iSe r^Sra mixture was poured in saturated aqueous solution of sodium chloride and extracted wrth ethyl acete e 
ISce^e S?gSer wa^washed with saturated aqueous solution of sodium chloride dried wrth magnesium sdfa^e 
^S^ride and c^ntintrated. The residue was applied to a silica gel column aiKl the eluton was earned OLrt w^m the 
miS ^f h^S and ethyl acetate (hexane : ethyl acetate = 4:1) to obtain 340 mg (0.930 mmol) of 4-t*utyl-5H3. 
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hydroxy-(1 .hydroxyiminobenzyl)phenyn.3,3<limethyl-2.3-dihydrofuran (Compound (811) as a colorless granular crystal. 
Yield 48.4%. 

1HNMR{400MH2. CDCl3);6 1.07(s. 9H). 1.31(s.6H).3,85(s.2H).6.68(dd.J=8.3and 1.5H2. 1H). 6 77(d.J=8.3 Hz. 
5 1H) 6 97(d J=1 5H2. 1H). 7.14(s.1H). 7.33(dd. J=7.6 and 1.7H2.2H). 7.46-7.56(m. 3H). 10.89(s.1H) ppm 

132nMR(i60MHz. CDCI3); 5 27.3. 32.5. 32.5. 47.2. 83.1. 118.4. 118.7. 120.7. 126.2. 128.4. 128.5. 129.2. 130.0. 
131.0. 138.8. 148.9. 157.4. 161.5 ppm 

IR (KBr); 3305.2956.2871.1612.1561.1461.1386. 1224.1179,1046. 731 cm* 

10 (Example 14) 

[0228] 
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HO-N 




(81) 



(82) 



2S 



[02291 In oxygen atmosphere at 0°C. 1 .4 mg (2.28 X 1 0 ^ mmol) of TPP was added to S mL of "lettiylene chtonde 
dissolving 108 mg (0.296 mmol) of 4-t-butyl-5-t3-hydroxy-(1-hydroxylmlnobenzyl)phenyn-3.3-dimethy|.2.3-dihydrofuran 
30 (Compound [81«. and the mixture was externally irradiated with a 940 W sodium lamp for l hours, and then concen- 
rated The concentrate was applied to a silica gel column and the elution was can-ied out with the mixture of hexane 
and ethyl acetate (hexane : ethyl acetate - 4:1) to obtain 105 mg (0.264 mmol) of s-t-butyl-l -l3-hydroxy-4- 1 -hydroxy- 
iminoben2yl)phenyl]-4.4-dimethyl-2.6.7-trioxabicyclo[3.2.01heptane (Compound [821) as colorless granular crystal. 

Yield 89.2%. 

iHNMR(400MHz. CDCl3);5 1.01 (s. 9H). 1.14 (s.3H). 1.35 (s. 3H). 3.79(d. J=8.1 Hz, I")- 1H). 
6 85(d J=8.3 Hz. 1H). 7.02(d. J=8.3 Hz. 1H). 7.1 2(s, 1H). 7.28-7.35(m. 3H). 7.46-7.S8(m. 3H). 10.93(S.1H) ppm 
IR (KBr): 3374. 2973. 1615. 1565. 1391. 1316. 1220. 1037. 1002. 795. 701 cm" 

40 (Test Example l) 

r02301 One milliliter of a 1.00 x IQ-^ M 5-t-butyl-4,4-dimethyl-1-(4-hydroxy-benzo[dloxazol^-yl)-2.6.7-trioxabicy- 
clora 2 Olheptane (Compound [10D obtained in Example 1 in DMSO was added to 2 ml of 1 .00 x lO ^ M tetrabutylam- 
monium fluoride in DMSO at 25'C and the resulting chemiluminescence was measured with a fluorescence analyzer. 
45 The quantum yield of chemiluminescence was estimated to be 0.24. the half-life time was 28 seconds, and Xmax was 
453 am. 



(Test Example 2) 

so [02311 The 5-t-butyl-1 .(5-(t-butyldimethylsiloxy)-benzofuran-2-yl)-4.4-dimethyl-2.6.7-trioxabicyclo[3.2.0]heptene 
Compound [191) obtained in Example 3 was also subjected to the same determinations as in Test Example 1. The 
Xmaxof chemiluminescence was 620 am. the half-life time was 0.19 second, and the quantum yield was estmated to 
be 1.1 xlO^*. 

55 (Test Example 3) 

r02321 TTie chemiluminescent characteristics of the compounds synthesized in Examples 4 to 6 were also staidied ^ 
the same procedure as used in Test Example 1 . As a result, the >.max. half-life time and estimated quantum yield of 5- 



64 



EP 0 943 618 A2 



t^Jutvl-1-(5-{t-butyldimethylsiloxy)ben20thiophen-2-yl)-4.4-dimethy^2.67-trro^^ (Compound (26]) 

were 628 nm 0.062 second and 7.4 x IQ-^. respectively: the corresponding values of 5-t-butyl-1-{5-(t-butyld.methylsi- 
loxy)-3-e1hox^enzofuran-2-yO-4.4-dimethyl-2.6.7-trioxabicyclo(3.2.01heptane (Compound [371) were 620 nm. 0.62 
seconds- and the corresponding values of s-t-butylO-(5-(t4xrtyldimethylsiloxy)-3-ethoxybenzothiophen-2-yl)-4.4-dime- 
thyl-2.6,7-trioxabicyclot3.2.0]heptane (Compound [46]) were 600 nm. 0.1 1 second and 4.9 x 10 . 

(Test Example 4) 

[02331 one milliliter of a 1 .00 x 1 0--* M solution of the 5-t-butyl-1 -(3-hydroxy-4-(morpholinocaitx)nyl)phenyl)-4.4-dime- 
thvl-2 6 7.trioxabicydo[3.2.0]heptane (Compound [56]) obtained in Example 7 in DMSO was added to 2 ml of 10 x 10 
' M tetrkbutylammonium fluoride in DMSO at 2S«C and the resulting chemilumlnescence was measured with a fluores- 
cence analyzer. The quantum yield of chemilumlnescence was estimated to be 0.024. the half-life time was 282 sec- 
onds and the Xmax was 472 nm. 

IS (Test Example 5) 

r02341 One milliliter of a 1 .00 x 1 0 '* M 5-t-butyl-1 -(3-hydroxy-4-(morpholinocarbonyl)phenyl)-4.4<limethyl-2.6.7-triox- 
abicvclotS 2 Olheptane (Compound [56]) obtained in Example 7 in DMSO was added to 2 ml of 1 .00 x 10" M sodium 
hvdride in DMSO at 25»C and the resulting chemiiuminescence was measured with a fluorescence analyzer. The quan- 
tum yield of chemiiuminescence was estimated to be 0.0024. the half-life time was 5990 seconds, and Xmax was 472 
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20 



35 



43 



nm. 



(Test Example 6) 



25 [0235] The 5-t-butyl-1-(3-hydroxy-4-(4.4-dimethyM.5-dihydrooxazol-1-yOphenyl)-4.4HJim6thyl-2.6.7-trioxabicy- 
clofS 2 Olheptane (Compound [60]) obtained in Example 8 was subjected to the same determinations as in Test Exam- 
Dies 4 and 5 When the compound was treated with tetrabutylammonium fluoride, the quantum yield of 
chemiiuminescence was estimated to be 0.19. the half-life time was 422 seconds, and the Xmax v«as nm With 
sodium hydroxide, the quantum yield of chemiiuminescence was estimated to be 0.044. the half-life tme was 11300 

30 seconds, and the Xmax was 476 nm. 



Claims 

1 . A 1 ,2-dioxetane derivative of general formula (I). 



40 / G) 




[wherein R^. R"* and R^ each independently represents hydrogen. alKyl or aryl; a pair of and and a 
pair of R* and R^ may respectively be joined to each other to fonn a cyctoalkyi group: Ar represents a group of for- 
mula (A) 



SO 
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(R^ represents hydroxy!, alkoxyl, aralkyloxy. 

-OSKR^R^R^*^ (where R^. R^ and R^*^ each independently represents aikyi) or a phosphate group; R represents 
hydrogen, alkyl. aryl. hydroxyl. alkoxyl, aryloxy or aralkyloxy; V represents oxygen or sulfur), formula (B) 




(wherein R^ Is the same as in the formula (A); W represents nitrogen or C-R^^ (where R^^ represents hydrogen, 
alkyi, alkoxyl. aryl or aralkyloxy); X represents oxygen or sulfur), or formula (C) 



Y 




(Q 



(wherein R^ is the same as in the formula (A); Y represents oxygen, sulfur or N-R^^. 2 represents hydrogen, alkyi. 
aryl. OR^^. SR^"* or a group of the formula 



' R^2 represents hydrogen, alkyl. aryl. hydroxyl. or alkoxyl group. R^^ R^^ R^^ and R^^ each independently repr^ 
sents hydrogen, alkyl or aryl; a pair of R^^ and R^^ a pair of R^^ and R^^ a pair of R^2 and R^^ and a pair of R^^ 
and R^® may respectively be joined to each other to form a ring, which ring may contain 2 or more hetero-atoms)]. 

2. The 1 .2-dioxetane derivative according to Claim 1 wherein Ar represents a group of formula (a) 
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(a) 



(wherein R^. and V are as defined in the formula (A)), formula (b) 




(b) 



(wherein R^, W and X are as defined in *ie formula (B)). or formula (c) 




(c) 



(wherein R®, Y, and Z are as defined in the formula (C)) 

3. The 1 .2-dioxetane derivative according to Qaim 1 or 2 wherein R\ R^. and each represents alkyi and and 
R^ each represents hydrogen. 

4. The 1 ,2-dioxetane derivative according to Claim 3 wherein the alkyI is an alkyI group of 1 to 4 cartxan atoms. 

5. The 1 .2-dioxetane derivative according to Claim 1 . 2. 3 or 4 wherein Y represents oxygen. Z represents a group 



15 



16 



of the formula wherein a pair of R^^ and R'« is joined to each other to form a 3- through 7-membered ring. 

6. The 1 .2-dioxetane derivative according to Claim 5 wherein a pair of R^^ and R^^ ^ joined to each other and Z rep- 
resents a ring of the formula. 
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The 1.2<lioxetane derivative according to Claim 1. 2. 3 or 4 wherein Y represents N-R^^ ^ represents OR^^. and 
a pair of R^^ and R^^ is joined to each other to form a 3- through 7-membered ring. 

The 1 .2-dioxetane derivative according to Claim 7 wherein a pair of R^^ and R^^ is joined to each other and 2 is a 
ring of the formula. 




An immunological assay kit comprising the 1 .2-dioxetane derivative according to Claim 1 , 2. 3, 4. 5, 6. 7 or 8. 
. A method for Immunological assays which comprises using the immunological assay kit according to Claim 9. 



68 



(19) 




Europaisches Patentamt 
Europ an Pat nt Office 
Off ic uropeen des br vets 






(11) 



EP0 943 618 A3 



(12) 



EUROPEAN PATENT APPLICATION 



(88) Date of publication A3: 

26.09.2001 Bulletin 2001/39 

(43) Date of publication A2: 

22.09.1 999 Bulletin 1 999/38 

(21) Application number: 99103977.7 

(22) Date of filing: 10.03.1999 

(84) Designated Contracting States: 

AT BE CH CY DE OK ES Fl FR GB GR IE IT LI LU 
MC NL PT SE 

Designated Extension States: 
AL LT LV MK RO SI 

(30) Priority: 13.03.1998 JP 8051898 

13.03.1998 JP 8051998 
13.03.1998 JP 8052098 

(71) Applicant: Matsumoto, Masakatsu 

Sagamihara-shi, Kanagawa 228-0825 (JP) 



(54) 1 ,2-dioxetane derivative 

(57) The present invention has its objects to provide 
a compound not only which is easy to handle, themnaliy 
stable, and high in emission efficiency, but also which 
can show high emission efficiency without coexisting 
enhancer In the system even in a protic solvent. 

The present invention is related to a 1 ,2-dloxetane 
derivative of general formula (I). 



(51) intci7: C07D 493/04, A61K 31/335. 
C07F7/18. G01N 33/533 



(72) Inventors: 

• Matsumoto, Masakatsu 
228-0825 Kanagawa (JP) 

• Watanabe, Nobuko 
248-0022 Kanagawa (JP) 

(74) Representative: 

Brehm, Hans-Peter, Dr., Dipl.-Chem. 

Patentanwatte 

Kern, Brehm & Partner GbR 

Albert-Rosshaupter-Strasse 73 

81369 Munchen (DE) 



[wherein f{\ R2, R3. and R^each independently rep- 
resents hydrogen, aikyi or aryl; a pair of R2 and R2 and 
a pair of R^ and R^ may respectively be joined to each 
other to fomi a cycloalkyi group. 




(D 



CO 

< 

CO 

(D 

CO 



Q. 

Ill 



PiintBd by Jouva, 75001 PARIS (FR) 



EP 0 943 618 A3 




European Pttent 
Oflice 



EUROPEAN SEARCH REPORT 



EP 99 10 3977 



DOCUMENTS CONSIDERED TO BE RELEVANT 



C«l«9ory 



Citstton of dooumtnt whh hdkcbon, wtMn appropHato, 
of ral«vant paasagta 



R»}«v»nt I CLASGIRCATYONOFTHE 

todatm I APPiiCAiiON {M-CLS) 



EP 0 779 293 A (FUJIREBIO KK) 
18 June 1997 (1997-06-18) 
♦Test examples 1 to 12* 

* claicn 1 * 

MATSUMOTO H ET AL: "Synthesis of 
Thermally Stable 1,2-Oicxetanes Bearing 
Phenyl ethenyl or a Phenyl ethynyl Noiety 
and their Base-Induced Decomposition" 
TETRAHEDRON LETTERS. NL, ELSEVIER SCIENCE 
PUBLISHERS, AMSTERDAM, 
vol. 40, no. 24, 

11 June 1999 (1999-06-11). pages 
4571-4574, XPQ04165725 
ISSN: 0040-4039 
^rScheme 1* 

♦ page 4573, line 6 - line 8 ♦ 



1-10 



C07D493/04 
A61K3 1/335 
C07F7/18 
G01N33/533 



1-10 



TCCHNICAtRCLOS 

(M.OLfl) 



TYtm provert sMfcti report has bmmn dra«rn up fof sU daims 



C07D 
C07F 
6Q1N 



P)M-0l 

MUNICH 



Oal»«f oBM^rtM or tv 

1 August 2001 



Hartinger, S 



CAT6GOPY OF CITED OOOJiU^VTS 

X : pjntajiairty rMvant U Utan alora 

Y : panlailany rttvvant It cofnUn^d wHh anoow 

docunent of 4w same cataony 
A : toelmotogical teAQround 
O : nofwwimm disdoiura 



T : twery of ptindple undcrtytng 9i« IniMnaon 
E : MrfW p^n( docunank, but pubUahad on, ur 

allarw fVng oal* 
O : dooumani dittd m th» ■ppllcaoofl 
L : doumanl dtad for othar raasona 



& : matfibar of pfttert fwnBy, corTMOondlno 



2 



EP 0 943 618 A3 



ANNEX TO THE EUROPEAN SEARCH REPORT 
ON EUROPEAN PATENT APPLICATION NO. 



EP 99 10 3977 



Ttita aiOTM IW» *»• patani «a.-nily m«nhwsr«tetlr^ w th« patwit ckxajmonis dt«i b th* «bov«wn«irtonad Europaan wafdi ««port 

Tb« fn«mb«»»»r#asoonttin»drntt»&»rop4Wi P*!»nlC3fflc«EDPfltoon 

-ma EuropMn P»t«nt omem li In no way Uabto lor IImw parttculafB wtileh ira in»r«ly gS^n for 1h« purpoM of intormaDon. 

01-08-2001 



Patvnt docuinanl 
cited in 888jcn report 


Publication 
data 


Palvnt famfiy 
marnbiif(s) 


Publication 
data 


EP 0779293 A 


18-06-1997 


JP 


9216887 A 


19-08-1997 




US 


5731445 A 


24-03-1998 






US 


5877333 A 


02-03-1999 



§ Fbf mora datella about this annax : am Offidal Journal of lha Euiopaan Palacil OBIca. No. 12/82 



3 



